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ABSTRACT : 

CHG DATE=20040626 STATUS=0>In a combination weighing device (101) , 
weight 

measurement devices (115a, 116a) are respectively connected to pool 
hoppers 

(115) and weighing hoppers (116) . When the results of a combination 
calculation indicate that a combination is not complete, a control 
unit 

determines whether or not a total value of a weight value from 
predetermined 

weighing hoppers (116) and a weight value from pool hoppers (115) 
that supply- 
articles to the weight hoppers exceeds a predetermined value. Thus, 
an 
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over- scale state in the weighing hoppers can be avoided by supplying 
additional 

articles stored in the pool hoppers to the weighing hoppers. The 
present 

invention provides a combination weighing device that is capable of 
improving 

operational efficiency . 
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(54) Combination weighing device 

(57) In a combination weighing device (1 01 ), weight 
measurement devices (115a,116a) are respectively 
connected to pool hoppers (115) and weighing hoppers 
(116). When the results of a combination calculation in- 
dicate that a combination is not complete, a control unit 
determines whether or not a total value of a weight value 
from predetermined weighing hoppers (116) and a 

Fig. l 



weight value from pool hoppers (115) that supply articles 
to the weight hoppers exceeds a predetermined value. 
Thus, an over-scale state in the weighing hoppers can 
be avoided by supplying additional articles stored in the 
pool hoppers to the weighing hoppers. The present in- 
vention provides a combination weighing device that is 
capable of improving operational efficiency. 
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Description 

[0001] The present invention generally relates to a 
combination weighing device. More specifically, the 
present invention relates to a combination weighing de- s 
vice that weighs articles with a plurality of weighing de- 
vices, and weighs articles in a predetermined target 
weight based upon these weight results. 
[0002] Amongst those weighing devices employed in 
a wide variety of applications, there are combination 
weighing devices that are employed to combine articles 
that do not have fixed and uniform weights, such as ag- 
ricultural products, marine products, snack foods, or the 
like, into a combination that has a predetermined target 
weight. In this combination weighing device, articles are 
respectively distributed and supplied to weighing hop- 
pers in orderto measure the weights thereof, and a com- 
bination calculation is performed based upon these 
weight values. Then, a combination is selected that has 
a weight that matches the target weight or a weight the 
nearest to the target weight within a predetermined al- 
lowable range, and the articles are discharged from only 
the weighing hoppers in this selected combination. 
[0003] In these types of combination weighing devic- 
es, there are those which are designed to increase the 
probability that the weight of a combination will fall within 
an allowable range with respect to the target weight and 
thus improve operational efficiency. For example, a 
combination weighing device in which the pool hoppers 
thereof also possess a weighing function has been pro- 
posed (e.g., see Japanese Published Patent Application 
No. S63-250528, pp. 2-3). 

[0004] According to this device, both the weight val- 
ues of articles in the weighing hoppers and the weight 
values of articles in the pool hoppers participate in the 
combination calculation, and thus the number of partic- 
ipating weight values during the combination calculation 
will reliably increase. Thus, there is a high probability 
that combinations will be completed. 
[0005] In addition, a combination weighing device has 
been proposed in which the pool hoppers thereof pos- 
sess a weighing function, and which supply articles to 
the weighing hoppers after the articles supplied from 
feeders (supply troughs) to the pool hoppers are meas- 
ured into approximately predetermined weights by the 
pool hoppers (e.g. , see Japanese Published Utility Mod- 
el No. H02-655, pp. 1-3). 

[0006] According to this device, an oversupply of ar- 
ticles to the weighing hoppers will be prevented when 
very small quantities of articles are supplied with vibrat- 
ing feeders, and th us there is a high probability that com- 
binations will be completed. In other words, in a combi- 
nation weighing device that includes, for example, 10-12 
weighing hoppers, a supply target value of articles to be 
supplied to each weighing hopper is set so that a com- 
bination will normally be complete with the weigh values 
of 3,4 weighing hoppers. Thus, according to this combi- 
nation weighing device, the weight of the articles sup- 



plied to the weighing hoppers will be close to the supply 
target value, and thus there is a high probability that 
combinations will be completed. 
[0007] In addition, a combination weighing device has 
been proposed that controls the drives of the feeders 
(feeder drives) based upon a comparison between the 
weight values of the articles in the weight hoppers and 
the supply target value of the articles supplied to the 
weighing hoppers (e.g., see Japanese Published Patent 
Application No. H07-63599, pp. 3-5). 
[0008] According to this device, articles with weights 
that are close to the supply target value are supplied to 
each weighing hopper, and thus there is a high proba- 
bility that combinations will be completed forthe reasons 
noted above. 

[0009] Furthermore, there are devices which are de- 
signed to increase the probability that the weight of a 
combination will fall within an allowable range with re- 
spect to the target weight and thus improve operational 
efficiency. For example, a combination weighing device 
has been proposed in which articles from the weighing 
hoppers may be discharged in two directions - toward 
booster hoppers (auxiliary hoppers) and toward a col- 
lection chute (e.g., see Japanese Published Patent Ap- 
plication No. H07-63599, p. 6 and Figure 5). 
[0010] According to this device, both the weight val- 
ues of articles in the weighing hoppers and the weight 
values of articles in the booster hoppers participate in 
the combination calculation, and thus there is a high 
probability that combinations will be completed because 
the number of weight values that participate in the com- 
bination calculation will reliably increase. 
[0011] When a combination is not complete, these 
types of combination weighing devices supply additional 
articles from the pool hoppers to the weighing hoppers, 
and then perform a combination calculation again. 
[0012] If these types of combination weighing devices 
are configured to supply additional articles to specific 
weighing hoppers, there is the possibility that an abnor- 
mality referred to as over-scale will occur if additional 
articles are repeatedly supplied thereto. Over-scale is 
an abnormal state caused when the weight of supplied 
articles exceeds a weight limit of the weighing hoppers 
or the volume of supplied articles exceeds the maximum 
allowed capacity of the weighing hoppers. If an over- 
scale state occurs, the combination weighing device will 
be compelled to cease operations, and thus operational 
efficiency will decline. 

[0013] However, this problem will not be addressed 
measuring measurement second aspect of the present 
invention is the combination weighing device according 
to the first aspect of the present invention the fifth aspect 
of the present invention is the combination weighing de- 
vice according to one of the first through fourth aspects 
of the present invention a plurality of sets of hoppers, 
each set having a first hopper that stores articles and a 
second hoppers that is disposed above the first hopper 
to supply articles to the first hopper determining means 



15 



20 



25 



30 



35 



40 



45 



50 



EP 1 429 126 A2 



3 

that determines whether the combination calculation 
performed by the calculation means is complete per- 
forms combination calculation based on measurement 
values of articles of the first hoppers provided by the 
measuring devices performs, when a combination in the 5 
combination calculation performed by the calculating 
means was complete, combination calculation based on 
measurement values of articles in the second hoppers 
and the first hoppers not selected in the combination cal- 
culation performed by the calculation means in the com- 
bination weighing devices disclosed in the aforemen- 
tioned Japanese Published Patent Application No. 
S63-250528, Japanese Published Utility Model No. 
H02-655, or Japanese Published Patent Application No. 
H07-63599. 

[0014] First, the combination weighing device dis- 
closed in Japanese Published Utility Model No. H02-655 
does not perform feedback control of the quantity of ar- 
ticles supplied from the feeders based upon the weight 
values of articles in the pool hoppers. 
[0015] In addition, the combination weighing device 
disclosed in Japanese Published Patent Application No. 
H07-63599 determines the weight values of the first ar- 
ticles supplied to the weight hoppers. Thus, for example, 
in the event that feedback control is to be performed on 
the quantity of articles supplied by the feeders, it will be 
too late to do so when articles have already been sup- 
plied to the pool hoppers that supply articles from the 
feeders to the weighing hoppers in order to increase the 
speed of the process, the results of the feedback control 
will only be reflected in the next groups of articles sup- 
plied to the pool hoppers, and this will create problems 
in the responsiveness and convergence of the control. 
[0016] In addition, even though the combination 
weighing devices disclosed in Japanese Published Pat- 
ent Application Nos. H07-63599 and S63-250528 will 
complete combinations with a high probability, these de- 
vices will not supply additional articles in situations in 
which a combination is finished in an incomplete state. 
With respect to the steps to be taken when a combina- 
tion is incomplete, Japanese Published Patent Applica- 
tion No. H07-63599 discloses only that "all of the articles 
in the weighing hoppers will be discharged out of the 
system via the collection chute", and thus one can only 
conclude that the aforementioned object of improving 
operational efficiency remains to be solved. 
[0017] In view of the above, it will be apparent to those 
skilled in the art from this disclosure that there exists a 
need for an improved combination weighing device that 
overcomes the above-discussed problems of the con- 
ventional combination weighing devices. This invention 
addresses this need in the art as well as other needs, 
which will become apparent to those skilled in the art 
from this disclosure. 

[0018] Accordingly, an object of the present invention 
is to take the aforementioned situation into considera- 
tion and provide a combination weighing device that is 
capable of increasing operational efficiency. 



[0019] The combination weighing device according to 
the first aspect of the present invention includes a plu- 
rality of sets of hoppers, each set having a first hopper 
and a second hopper, a plurality of measuring devices, 
calculating means, determining means, and additional 
supply means. The plurality of first hoppers store arti- 
cles. The plurality of second hoppers are disposed 
above the plurality of first hoppers, each second hopper 
respectively corresponding to each first hopper and sup- 
plying articles to the corresponding first hopper. The plu- 
rality of measuring devices are arranged with respect to 
each of the plurality of first hoppers and plurality of sec- 
ond hoppers, the plurality of measuring devices meas- 
uring articles in the first hoppers or the second hoppers. 
The calculating means performs combination calcula- 
tion based on measurement values of articles of the first 
hoppers provided by the measuring devices. The deter- 
mining means determines whether or not a total meas- 
urement value articles in first and second hoppers of one 
of the sets of hoppers exceeds a predetermined value 
when a combination in a combination calculation per- 
formed by the calculating means was not complete. The 
total value is the sum of a measurement values of arti- 
cles in the first and second hoppers of the same set. The 
additional supply means supplies additional articles, 
from a second hopper to a first hopper when the deter- 
mining means determines that the total value does not 
exceed the predetermined value. 
[0020] According to this aspect, when a combination 
is not complete, the presence or absence of an over- 
scale state in a first hopper can be predicted, and thus 
additional articles can be supplied without resulting in 
an over-scale state when additional articlesare supplied 
from a second hopper to a first hopper. Thus, having to 
cease operations due to an over-scale state can be 
avoided and operational efficiency can be improved. 
[0021] The combination weighing device according to 
the second aspect of the present invention is the com- 
bination weighing device according to the first aspect of 
the present invention, wherein the determining means 
determines when the total measurement value of arti- 
cles in first and second hoppers of one of the sets of 
hoppers exceeds the predetermined value, whether or 
not the total measurement value of articles in first and 
second hoppers of another set of hoppers will exceed 
the predetermined value. 

[0022] Here, a plurality of first hoppers targeted for a 
predetermined additional supply are set, and a determi- 
nation whether or not the total value exceeds the pre- 
determined value can be sequentially executed with re- 
gard to each first hopper. Thus, the efficiency of combi- 
nation completion will be increased. 
[0023] The combination weighing device according to 
third aspect of the present invention is the combination 
weighing device according to the first or second aspect 
of the present invention, in which the predetermined val- 
ue is the weight of articles in the first hopper that can be 
measured by the weighing device. 
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[0024] Here, an over-scale state caused by supplying 
articles at a weight that exceeds a weight limit of a first 
hopper can be effectively avoided. 
[0025] The combination weighing device according 
fourth aspect of the present invention is the combination 
weighing device according to the first or second aspect 
of the present invention, in which the predetermined val- 
ue is a value based upon the density of an article and 
the volume of articles that a first hopper can accommo- 
date. 

[0026] Here, an over-scale state caused by supplying 
a volume of articles that exceeds the total allowable ca- 
pacity of a first hopper can be effectively avoided. 
[0027] The combination weighing device according to 
the fifth aspect of the present invention is the combina- 
tion weighing device according to one of the first through 
fourth aspects of the present invention, and further in- 
cludes a plurality of feeders, supply quantity control 
means, and setting means. Each of the plurality of feed- 
ers respectively corresponds to each second hopper, 
and supplies articles to the corresponding second hop- 
pers. The supply quantity control means controls the 
quantity of articles supplied from the feeders to the sec- 
ond hoppers. The setting means sets a supply target 
value of articles supplied to the second hoppers by the 
feeders. The supply target control means controls the 
supply quantity based upon the weight value of articles 
in the second hoppers so that the quantity of articles to 
be supplied from the feeders to the second hoppers so 
that the quantity of articles supplied from the feeders to 
the second hopper will equal the supply target value. 
[0028] According to this aspect, by supplying articles 
having a weight that does not exceed a value obtained 
by subtracting the total value from the predetermined 
value from a feeder to a second hopper, it can be as- 
sured that an over-scale state will be avoided when ad- 
ditional articles are supplied from the second hopper to 
a corresponding first hopper. 

[0029] The combination weighing device according to 
the sixth aspect of the present invention is the combina- 
tion weighing device according to the fifth aspect of the 
present invention, wherein the supply quantity control 
means controls the quantity of article to be supplied from 
the feeders to the second hopper of the set of hoppers 
based upon a deviation between the measurement val- 
ue of articles in the second hopper of the set of hoppers 
and the predetermined supply target value. 
[0030] When the quantity of articles supplied by the 
feeders is feedback controlled based upon the weight 
values from the first hoppers, the weight values of the 
articles supplied from the second hoppers to the first 
hoppers can be determined, and thus feedback control 
will be performed based upon the weight values from 
this point. According to the sixth aspect of the invention, 
feedback control of the quantity of articles supplied by 
the feeders can be performed based upon the weight 
values of articles at the point they are supplied from the 
feeders to the second hoppers. Because of this, the time 



lag from the point at which the weight value of this por- 
tion is determined to the point at which feedback control 
is executed will be reduced, and both responsiveness 
and convergence to the control will be improved. In other 
5 words, an increase in process speed will be achieved 
and operating efficiency will improve. 
[0031] Then, because the quantity of articles supplied 
from the feeders to the second hoppers is managed with 
good accuracy with respect to the supply target weight, 
there will be a high probability that combinations will be 
completed and thus operational efficiency will improve. 
[0032] A combination weighing device according to 
the seventh aspect of the present invention includes a 
plurality of first hoppers, a plurality of second hoppers, 
a plurality of feeders, supply quantity control means, a 
plurality of measuring devices, and calculating means. 
The plurality of first hoppers store articles. The plurality 
of second hoppers are disposed above the plurality of 
first hoppers, each second hopper respectively corre- 
sponding to each first hopper and storing articles in the 
corresponding first hopper. The plurality of feeders re- 
spectively correspond to each second hopper, and sup- 
ply articles to the corresponding second hoppers. The 
supply quantity control means controls the quantity of 
articles supplied from the feeders to the second hop- 
pers. The plurality of measuring devices are arranged 
with respect to each of the plurality of first hoppers and 
plurality of second hoppers, and weigh articles in thef irst 
hoppers or second hoppers. The calculating means em- 
ploys measurement values of articles provided by the 
measuring devices to perform combination calculations. 
The supply quantity control means controls the quantity 
of articles supplied from the feeders to the second hop- 
pers based upon the deviation between the measure- 
ment value of articles in the second hoppers and the 
supply target value of articles supplied from the feeders 
to the second hoppers. 

[0033] According to this aspect, at the point at which 
articles are supplied from the feeders to the second hop- 
pers, feedback control of the quantity of articles supplied 
by the feeders is performed based upon the weight val- 
ues, and thus the time lag from the point at which the 
weight values are determined to the point at which feed- 
back control is executed will be reduced when com- 
pared to situations in which it is based upon weight val- 
ues from thefirst hoppers, and both responsiveness and 
convergence to the control will be improved. In other 
words, an increase in process speed will be achieved 
and operating efficiency will improve. 
[0034] Then, because the amount of articles supplied 
from the feeders to the second hopers is managed with 
good accuracy with respect to the supply target weight, 
there will be a high probability that combinations will be 
completed and thus operational efficiency will improve. 
[0035] A combination weighing device according to 
the eight aspect of the present invention includes a plu- 
rality of first hoppers, a plurality of second hoppers, a 
plurality of feeders, supply quantity control means, a plu- 
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rality of weighing devices, and calculating means. The 
plurality of first hoppers store articles; The plurality of 
second hoppers are disposed above the plurality of first 
hoppers, each second hopper respectively correspond- 
ing to each first hopper and storing articles in the corre- 
sponding first hopper. The plurality of feeders respec- 
tively correspond to each second hopper, and supply ar- 
ticles to the corresponding second hoppers. The supply 
quantity control means controls the quantity of articles 
supplied from the feeders to the second hoppers. The 
plurality of measuring devices are arranged with respect 
to each of the plurality of first hoppers and plurality of 
second hoppers, and measure articles in the first hop- 
pers or second hoppers. The calculation means per- 
forms combination calculation based on measurement 
values of articles of the first hoppers provided by the 
measuring devices. Then, the supply quantity control 
means controls the quantity of articles to be supplied 
from the feeders to the second hoppers so that the total 
of the weight value of articles in the second hopper and 
the weight value of articles in the first hoppers that cor- 
respond to the second hoppers does not exceed the pre- 
determined value. 

[0036] According to this aspect, when the results of a 
combination calculation indicate that a combination is 
not completed and thus articles are supplied from the 
second hoppers to the first hoppers, the quantity of ar- 
ticles supplied from the feeders to the second hoppers 
is controlled so that an over-scale state is not generated 
in the first hoppers. In other words, an over-scale state 
that causes the combination weighing device to cease 
operations will be avoided. Note that over-scale is an 
abnormal state caused when the weight of supplied ar- 
ticles exceeds a weight limit of the weighing hoppers or 
the volume of supplied articles exceeds the maximum 
allowed capacity of the weighing hoppers. 
[0037] A combination weighing device according to 
the ninth aspect of the present invention includes a plu- 
rality of sets of hoppers, each set having a first hopper 
that stores articles and a second hoppers that is dis- 
posed above the first hopperto supply articles to the first 
hopper, a plurality of measuring devices, calculating 
means, determining means, selection means, and ad- 
ditional supply means. The plurality of first hoppers store 
articles. The plurality of second hoppers are disposed 
above the plurality of first hoppers, each second hopper 
respectively corresponding to each first hopper and 
storing articles in the corresponding first hopper. The 
plurality of measuring devices that are arranged with re- 
spect to each of the plurality of first hoppers and plurality 
of second hoppers, and measure articles in the first hop- 
pers or second hoppers. The calculating means per- 
forms combination calculation based on measurement 
values of articles of the first hoppers provided by the 
measuring devices. The determining means determines 
whether the combination calculation performed by the 
calculation means is complete. The selection means 
performs combination calculation based on measure- 



ment values of articles of the first and second hoppers 
when the combination calculation performed by the cal- 
culating means was not complete. The additional supply 
means supplies articles from the second hopper select- 

5 ed by the selection means to the corresponding first 
hopper if the selection means selects the second hopper 
as a result of the combination calculation. 
[0038] According to this aspect, even if the results of 
a combination calculation indicate that a combination is 

10 not complete, additional articles will be supplied from the 
second hopper to the first hopper so that the combina- 
tion will be complete and thus additional supply is an 
effective means of dealing with incomplete combina- 
tions. 

15 [0039] A combination weighing device according to 
the tenth aspect of the present invention includes a plu- 
rality of sets of hoppers, each set having a first hopper 
that stores articles and a second hoppers that is dis- 
posed above the first hopper to supply articles to the first 

20 hopper, a plurality of measuring devices, calculating 
means, and secondary calculation means. The plurality 
of first hoppers store articles. The plurality of second 
hoppers are disposed above the plurality of first hop- 
pers, each second hopper respectively corresponding 

25 to each first hopper and storing articles in the corre- 
sponding first hopper. The plurality of measuring devic- 
es are arranged with respect to each of the plurality of 
first hoppers and plurality of second hoppers, and weigh 
articles in the first hoppers or second hoppers. The cal- 

30 culation means performs combination calculation based 
on measurement values of articles of the first hoppers 
provided by the measuring devices. The secondary cal- 
culating means performs, when a combination in the 
combination calculation performed by the calculating 

35 means was complete, combination calculation based on 
measurement values of articles in the second hoppers 
and the first hoppers not selected in the combination cal- 
culation performed by the calculation means. 
[0040] According to this aspect, whether or not a com- 

40 bination in the next combination calculation will be com- 
plete or not can be predicted by performing a secondary 
combination calculation based upon the results of a 
combination calculation on the present weight values. 
In other words, when an incomplete combination is pre- 

45 dieted, operational efficiency will be increased because 
steps can be taken toward completion. 
[0041] The combination weighing device according to 
the eleventh aspect of the present invention is the com- 
bination weighing device according to the tenth aspect 

50 of the present invention, and further includes a plurality 
of feeders and supply quantity control means. The plu- 
rality of feeders respectively correspond to each second 
hopper, the plurality of feeders supplying articles to the 
corresponding second hoppers. The supply quantity 

55 control means controls the quantity of articles supplied 
from the feeders to the second hoppers. Then, when a 
combination in the secondary combination calculation 
performed by the secondary calculation means is not 
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complete and there is an empty second hopper, the sup- 
ply quantity control means controls the quantity of arti- 
cles supplied from the feeders to the empty second hop- 
per such that the combination calculation performed by 
the secondary combination calculation means can be 5 
completed. 

[0042] According to this aspect, when the results of a 
secondary combination calculation predict that a sec- 
ondary combination will be incomplete, the next combi- 
nation will be reliably completed because a sufficient 
quantity of articles will be supplied from the feeders to 
the second hoppers so that the secondary combination 
will be complete. 

[0043] The combination weighing device according to 
the twelfth aspect of the present invention is the combi- 
nation weighing device according to the tenth or elev- 
enth aspect, in which the calculating means determines 
whether a plurality of combinations in one combination 
calculation are complete or not. Then, when a plurality 
of combinations are complete, the calculating means 
selects from amongst that plurality of combinations a 
combination that completes a secondary combination 
calculation performed by the secondary combination 
calculating means. 

[0044] According to this invention, a combination that 
will complete a secondary combination calculation can 
be selected from amongst the plurality of completed 
combinations. Thus, the accuracy of combinations can 
be maintained as the next primary combination is com- 
pleted. 

[0045] These and other objects, features, aspects 
and advantages of the present invention will become ap- 
parent to those skilled in the art from the following de- 
tailed description, which, taken in conjunction with the 
annexed drawings, discloses a preferred embodiment 
of the present invention. 

[0046] Referring now to the attached drawings which 
form a part of this original disclosure: 
[0047] Figure 1 is a lateral view illustrating the essen- 
tial elements of a combination weighing device in ac- 
cordance with a first embodiment of the present inven- 
tion; 

[0048] Figure 2 is a block diagram of a control system 
in accordance with the first embodiment of the present 
invention; 

[0049] Figure 3 is a flowchart describing a control in 
accordance with the first embodiment of the present in- 
vention; 

[0050] Figure 4 is a flowchart describing a control in 
accordance with a modification A of the first embodi- 
ment of the present invention; 
[0051] Figure 5 is a flowchart for describing a control 
in accordance with a modification B of the first embodi- 
ment of the present invention; 
[0052] , Figure 6 is a flowchart for describing a control 
in accordance with a modification C of the first embod- 
iment of the present invention; 
[0053] Figure 7 is a lateral view illustrating the essen- 



tial elements of a combination weighing device in ac- 
cordance with a second embodiment of the present in- 
vention; 

[0054] Figure 8 is a block diagram of a control system 
in accordance with a second embodiment of the present 
invention; 

[0055] Figure 9 is a flowchart for describing a control 
in accordance with the second embodiment of the 
present invention; 

[0056] Figure 1 0 is a flowchart that illustrates the de- 
tails of Step S16 in Figure 9; 

[0057] Figure 1 1 (a) is schematic diagram for describ- 
ing an article supply/discharge operation in accordance 
with the second embodiment of the present invention; 
[0058] Figure 1 1 (b) is schematic diagram for describ- 
ing an article supply/discharge operation in accordance 
with the second embodiment of the present invention; 
[0059] Figure 11 (c) is schematic diagram for describ- 
ing an article supply/discharge operation in accordance 
with the second embodiment of the present invention; 
[0060] Figure 1 1 (d) is schematic diagram for describ- 
ing an article supply/discharge operation in accordance 
with the second embodiment of the present invention; 
[0061] Figure 12(a) is schematic diagram for describ- 
ing an article supply/discharge operation in accordance 
with the second embodiment of the present invention; 
[0062] Figure 1 2(b) is schematic diagram for describ- 
ing an article supply/discharge operation in accordance 
with the second embodiment of the present invention; 
[0063] Figure 1 2(c) is schematic diagram for describ- 
ing an article supply/discharge operation in accordance 
with the second embodiment of the present invention; 
[0064] Figure 1 3(a) is schematic diagram for describ- 
ing an article supply/discharge operation in accordance 
with the second embodiment of the present invention; 
[0065] Figure 1 3(b) is schematic diagram for describ- 
ing an article supply/discharge operation in accordance 
with the second embodiment of the present invention; 
[0066] Figure 1 3(c) is schematic diagram for describ- 
ing an article supply/discharge operation in accordance 
with the second embodiment of the present invention; 
[0067] Figure 1 4 is a flowchart for describing another 
control in accordance with a modification D of the sec- 
ond embodiment of the present invention; 
[0068] Figure 15 is a flowchart that illustrates the de- 
tails of Step S38 in Figure 14; 
[0069] Figure 1 6(a) is schematic diagram for describ- 
ing an article supply/discharge operation in accordance 
with a modification D of the second embodiment of the 
present invention; 

[0070] Figure 1 6(b) is schematic diagram for describ- 
ing an article supply/discharge operation in accordance 
with the modification D of the second embodiment of the 
present invention; 

[0071] Figure 1 7 is a flowchart for describing another 
control in accordance with a modification E of the sec- 
ond embodiment of the present invention; 
[0072] Figure 1 8(a) is schematic diagram for describ- 
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ing an article supply/discharge operation in accordance 
with the modification E of the second embodiment of the 
present invention; 

[0073] Figure 1 8(b) is schematic diagram for describ- 
ing an article supply/discharge operation in accordance 
with the modification E of the second embodiment of the 
present invention; 

[0074] Figure 1 8(c) is schematic diagram for describ- 
ing an article supply/discharge operation in accordance 
with the modification E of the second embodiment of the 
present invention; 

[0075] Figure 1 9 is a flowchart for describing another 
control in accordance with the modification F of the sec- 
ond embodiment of the present invention; and, 
[0076] Figure 20 is a flowchart that illustrates the de- 
tails of Step S82 in Figure 19. 
[0077] Selected embodiments of the present inven- 
tion will now be explained with reference to the draw- 
ings. It will be apparent to those skilled in the art from 
this disclosure that the following descriptions of the em- 
bodiments of the present invention are provided for il- 
lustration only and not for the purpose of limiting the in- 
vention as defined by the appended claims and their 
equivalents. 

FIRST EMBODIMENT 

[0078] A combination weighing device according to a 
first embodiment of the present invention will be de- 
scribed below. 

[0079] As shown in Figure 1 , a combination weighing 
device 101 includes a box shaped main case 112 that 
is supported by a plurality of support legs 1 1 1 -1 1 1 on top 
of a frame 110. A dispersion table 113 that disperses 
articles such as snack foods and candy, a plurality of 
feeders 114-114 that are disposed in a radiating pattern 
around the periphery of the dispersion table 113, pool 
hoppers 115-115 (example of second hoppers) that are 
vertically paired with each of the feeders 114-114, and 
weighing hoppers 116-116 (example of first hoppers) 
are attached to the main case 112. Each of the weighing 
hoppers 116-116 is vertically paired with the pooling 
hoppers 115-115, such that there are a plurality of sets 
of a weighing hopper 116 and a pooling hopper 115. 
Weight detectors 115a-115a, 116a-116a (examples of 
measuring devices) that are composed of load cells or 
the like are each connected to the pool hoppers 115-115 
and the weighing hoppers 116-116. The weight of arti- 
cles supplied by the pool hoppers 115-115 and the 
weighing hoppers 116-116 is measured by the weight 
detectors 115a-115a, 116a-116a. 
[0080] The articles supplied to the combination 
weighting device 101 by means of a supply device (not 
shown in the figures) or by manually supplying the same 
are first approximately uniformly dispersed to the feed- 
ers 114-114 by vibrating the dispersion table 113, and 
then supplied from the vibrating feeders 114-114 to the 
weighing hoppers 116-116 in suitable quantities via the 



pool hoppers 115-115. Then, the weights of each of the 
articles are measured with the weighting hoppers 
116-116 and a combination calculation is performed. 
[0081] Individual chutes 117-117 are disposed below 

5 each weighing hopper 116-116. Based on the results of 
the combination calculation, articles are discharged 
from the weighing hoppers 116-116 in the combination 
to the individual chutes 117-11 7. The articles discharged 
and dropped into the individual chutes 117-117 are col- 

10 lected by means of a funnel shaped collection chute 1 1 8 
disposed in the approximate center of the combination 
weighing device 101 , and the articles are then supplied 
to a packaging device or the like that is on the down- 
stream side of the collection chute 118. 

15 [0082] As shown in Figure 2, a control system for the 
combination weighing device 1 01 includes a control unit 
120 that comprehensively controls the combination 
weighing device 101. 

[0083] The control unit 120 preferably includes a mi- 

20 crocomputer with a control program that controls the 
combination weighing device 101 as discussed below. 
The control unit 1 20 can also include other conventional 
components such as an input interface circuit, an output 
interface circuit, and storage devices such as a ROM 

25 (Read Only Memory) device and a RAM (Random Ac- 
cess Memory) device. The control unit 1 20 is operativefy 
coupled to the weight detectors 1 1 5a and 1 1 6a, the feed- 
ers 1 1 4, and the gate open/close mechanisms 1 1 5b and 
116b in a conventional manner as shown in Figure 2. 

30 The control unit 1 20 is capable of selectively controlling 
any of the components of the combination weighing de- 
vice 101 in accordance with the control program. It will 
be apparent to those skilled in the art from this disclo- 
sure that the precise structure and algorithms for control 

35 unit 120 can be any combination of hardware and soft- 
ware that will carry out the functions of the present in- 
vention. In other words, "means plus function" clauses 
as utilized in the specification and claims should include 
any structure or hardware and/or algorithm or software 

40 that can be utilized to carry out the function of the 
"means plus function" clause. 

[0084] The control unit 1 20 inputs weight signals from 
the weight detectors 1 1 6a- 1 1 6a provided in each weigh- 
ing hopper 116-116, performs a combination calculation 
45 based on these weight signals, and selects a combina- 
tion in which the combined weight of the articles either 
matches a target weight or is closest to the target weight 
within an allowable range. 

[0085] In addition, the control unit 120 inputs weight 
50 signals from the weight detectors 115a-115a provided 
in the pool hoppers 115-115, determines whether to sup- 
ply additional articles from the pool hoppers 115-115 to 
the weighing hoppers 116-116 when the combination is 
incomplete based on both these weight signals and the 
55 weight signals from the weight detectors 1 16a- 11 6a of 
the weighing hoppers 116-116, and determines if it is 
possible to supply additional articles. Then, the control 
unit 1 20 establishes the quantity of the articles to be sup- 
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plied from the feeders 114-114 to the pool hoppers 

115- 115 in order to smoothly supply additional articles. 
[0086] In addition, the control unit 120 inputs weight 
signals from the weight detectors 1 1 5a-1 1 5a of the pool 
hoppers 115-11 5, and conducts feedback control on the 
weight of the articles supplied from the feeders 114-114 
to the pool hoppers 115-115 based upon these weight 
signals. 

[0087] Then, the control unit 120 inputs discharge re- 
quest signals from a downstream packaging device or 
the like, and outputs control signals based upon the dis- 
charge request signals to gate open/close mechanisms 
1 1 5b-1 1 5b, 1 1 6b-1 1 6b that opens and closes the gates 
of the pool hoppers 115-115 or the weighing hoppers 

116- 116. This discharges articles from the hoppers 

115- 115, 116-116. 

[0088] Weighing hoppers 115, pooling hoppers 116, 
weighing detectors 115a and 116a, feeders 114, and 
gate open/close mechanisms 115b and 116b are con- 
ventional components that are well known in the art. 
Therefore, these structures will not be discussed or il- 
lustrated in further detail herein. 
[0089] Next, an example of the control conducted by 
the control unit 120 when combination weighing is per- 
formed with the combination weighing device 101 will 
be described with the flowcharts shown in Figures 3 to 6. 
[0090] Figure 3 is a flowchart used to determine 
whether or not it is possible to supply additional articles 
from the pool hoppers 1 1 5-1 1 5 to predetermined weigh- 
ing hoppers 116-116 when the results of a combination 
calculation indicate that a combination is incomplete. 
Here, the flowchart will be described by observing a 
group consisting of one feeder 114, one pool hopper 
115, and one weighing hopper 1 1 6. 
[0091] First, in Step S101 , if it is determined that the 
pool hopper 1 1 5 is empty, at Step S1 02, the feeder 1 1 4 
that corresponds to the pool hopper 115 is driven and a 
predetermined amount of articles are supplied to the 
pool hopper 115. If this combination weighing device 
101 includes, for example, 10 to 12 weighing hoppers 

116- 116, then the supply target value of articles to be 
supplied from the feeders 114-114 to the pool hoppers 
115-115 is set such that the combination will be com- 
pleted with three or four weighing hoppers 116-116. 
[0092] In Step S103, a weight value W P is input from 
the weight detector 115a connected to the pool hopper 
1 1 5, and in Step S1 04, if it is determined that the weigh- 
ing hopper 1 1 6 that corresponds to the pool hopper 1 1 5 
is not empty, the process skips Steps S105, S106 and 
proceeds to Step S1 07. On the other hand, if it is deter- 
mined at Step S104 that the weighing hopper 116 that 
corresponds to the pool hopper 115 is empty, then at 
Step S1 05, the gate open/close mechanism 1 1 5b of the 
pool hopper 115 is driven, and articles are supplied from 
the pool hopper 115 to the weighing hopper 116. 
[0093] Then, the combination calculation control or 
the additional supply control shown in Steps S 106 to 
S113 proceed concurrently with the aforementioned 



control that begins from Step S101 . 
[0094] In the combination calculation control, after a 
weight W w is input from the weight detector 116a con- 
nected to the weighing hopper 1 1 6 in Step S1 06, a com- 

s bination calculation is performed at Step S107. "Per- 
forming combination calculation" herein means select- 
ing one or a plurality of hoppers such that the total weight 
articles in the selected hoppers is closest to the target 
weight. Note that the weight detector 1 1 6a of the weigh- 

10 ing hopper 1 1 6 confirms the weight W P provided by the 
weight detector 115a of the pool hopper 115. 
[0095] At Step S108, it is determined whether or not 
the combined weight of the combination is complete with 
respect to a target weight based upon the results of the 

15 combination calculation. "Completing combination cal- 
culation" herein means confirming that total weight of 
articles in the hoppers that are selected by performance 
of the combination calculation is within a predetermined 
allowable range from the target value. If it is determined 

20 that the combination is complete, then it is determined 
whether or not the weighing hopper 116 has been se- 
lected in this combination at Step S109. 
[0096] If it is determined that the answer to this is 
"YES" at Step S109, then the gate open/close mecha- 

25 nism 116b of the weighing hopper 116 is driven at Step 
S1 1 0, and articles from the weighing hopper 1 1 6 are dis- 
charged to the individual chute 117 below and the proc- 
ess returns to Step S1 04. If it is determined that the an- 
swer is "NO" in Step S109, then the process simply re- 

30 turns to Step S1 04. 

[0097] On the other hand, if it is determined in Step 
S108 that the combination is not within the allowable 
range, then the process proceeds to additional supply 
control. In other words, in Step S111, it is determined 

35 whether or not the weighing hopper 1 1 6 is a previously 
selected weighing hopper 116 targeted for additional 
supply. If it is determined that the answer is "NO", then 
the process simply returns to Step S1 07, and the weigh- 
ing hopper 116 will participate in the next combination 

40 calculation. Note that if it is determined that the answer 
is "NO" in Step S1 1 1 , then another weighing hopper 1 1 6 
is set as the target for additional supply, and then deter- 
mined whether or not additional articles can be supplied 
to that other weighing hopper 116. 

45 [0098] Then, if it is determined that the answer is 
"YES" in Step S1 1 1 , then at Step S1 1 2 the weight value 
Wp is input from the pool hopper 115 that supplies arti- 
cles to the weighing hopper 116, and at Step S113 it is 
determined whether or not the total value (sum) W w + 

so w P of the weight W w from the weighing hopper 1 1 6 and 
the weight W P from the pool hopper 11 5 exceeds a pre- 
determined weight limit value W L of the weighing hopper 
116. If the articles are supplied to the weighing hopper 
116 beyond this weight limit value W L , an over-scale 

55 state will result and the combination weighing device 
101 will be compelled to cease operations because of 
this. Therefore, additional supply will not be allowed in 
this case. 
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[0099] If it is determined that the answer in Step S11 3 
is "NO", then this means that additional supply is per- 
mitted, and thus the process will return to Step S105 
and additional articles will be supplied from the pool hop- 
per 1 1 5 to the weighing hopper 1 1 6. On the other hand, 5 
if it is determined that the answer is "YES" in Step S 1 1 3, 
then additional articles will not be supplied because it is 
predicted that an over-scale state will result if additional 
articles are supplied. Then, the process will return to 
Step S1 07, and the weighing hopper 1 1 6 will participate 
in the next combination calculation. 
[0100] By performing this type of process, when a 
combination is not complete, the presence or absence 
of an over-scale state in the weighing hopper 116 can 
be predicted, and thus additional articles can be sup- 
plied from the pool hopper 115 to the weighing hopper 
1 1 6 without resulting in an over-scale state. Thus, hav- 
ing to cease operations due to an over-scale state can 
be avoided and operational efficiency can be improved. 
In addition, if the number of the weighing hoppers 
116-116 that are targeted for additional supply are de- 
termined in advance, then the likelihood that a combi- 
nation will be within the allowable range will effectively 
increase. 

[0101] Note that it is not only possible to prevent an 
over-scale state caused by the excessive weight of the 
articles (as noted above), but it is also possible to pre- 
vent an over-scale state caused by supplying a volume 
of articles that exceeds a maximum allowable capacity 
of the weighing hopper 116. In other words, the pres- 
ence or absence of an over-scale state with respect to 
capacity can be predicted by employing the density of 
the article and converting the allowable capacity of the 
weighing hopper 116 to the weight of the allowable ca- 
pacity, and comparing the total value W w + W P with the 
weight of the allowable capacity. 

Modification A> 

[0102] Next, the flowchart in Figure 4 will be employed 
to describe an example of the control used to determine 
whether or not it is possible to supply additional articles 
from the pool hoppers 1 1 5-1 1 5 to predetermined weigh- 
ing hoppers 1 1 6-1 1 6 when the results of the combination 
calculation indicate that the combination is not com- 
plete, and the control used to control the quantity of the 
next articles supplied from the feeders 114-114 to the 
pool hoppers 115-115. In this situation as well, the flow- 
chart will be described by observing a group of one feed- 
er 114, one pool hopper 115, and one weighing hopper 
116. 

[0103] First, in Step S1 21 , a supply target value W PO 
of articles to be supplied from the feeder 1 1 4 to the pool 
hopper 115 is set to a default supply target value W PD . 
If this combination weighing device 1 01 includes, for ex- 
ample, 1 0 to 1 2 weighing hoppers 116-11 6, then the de- 
fault supply target value W PD is set such that the com- 
bination can be accomplished with three or four weigh- 



ing hoppers 116-116, An example of a default supply 
target value W PD in this situation is the value obtained 
by dividing the target weight during a combination cal- 
culation by 3.5. 

[0104] In Step S122, if it is determined that the pool 
hopper 115 is empty, at Step S123, the feeder 114 that 
corresponds to the pool hopper 1 1 5 is driven and articles 
are supplied to the pool hopper 1 1 5 up to the supply tar- 
get value W po . 

[0105] At Step S124, after the weight W P is input from 
the pool hopper 115, and at Step S1 25 the supply target 
value Wpo is set to the default supply target value W PD . 
[0106] At StepS 126, if it is determined that the weigh- 
ing hopper 1 1 6 that corresponds to the pool hopper 1 1 5 
is not empty, the process will proceed to Step S129. On 
the other hand, if it is determined that the weighing hop- 
per 1 1 6 that corresponds to the pool hopper 1 1 5 is emp- 
ty, articles are supplied from the pool hopper 115 to the 
weighing hopper 1 1 6 in Step S1 27, and the combination 
calculation control or the additional supply control 
shown in Steps S128 to S 137 proceed concurrently with 
the aforementioned control that begins from Step S1 22. 
Note that the combination calculation control shown in 
Steps S128 to S132 is identical to that of Steps S106 to 
S110, and thus a description thereof will be omitted. 
[0107] Then, if it is determined in Step S130 that the 
combination is not complete, then the process proceeds 
to additional supply control. In other words, in Step 
S1 33, it is determined whether or not the weighing hop- 
per 116 is a previously selected weighing hopper 116 
targeted for additional supply. If it is determined that the 
answer is "NO", then the process simply returns to Step 
S129, and the weighing hopper 116 will participate in 
the next combination calculation. Note that if it is deter- 
mined that the answer is "NO" in Step S133, then an- 
other weighing hopper 1 1 6 is set as the target for addi- 
tional supply, and determined that additional supply can- 
not occur with respect to the original weighing hopper 
116. 

[0108] On the other hand, if it Is determined that the 
answer is "YES" in Step S133, then at Step S134 the 
weight value W P is input from the pool hopper 115 that 
supplies articles to the weighing hopper 116, and at Step 
S135 it is determined whether or not the total value W w 
+ W P of the weight W w from the weighing hopper 116 
and the weight W P from the pool hopper 115 exceeds 
the predetermined weight limit value W L of the weighing 
hopper 116. 

[0109] If it is determined that the answer is "NO" in 
Step S1 35, then this means that an additional supply is 
allowed, and thus at Step S136, the total value W w + 
W P Is subtracted from the weight limit value W L and it is 
determined whether or not the value obtained thereby 
exceeds the supply target value W po . 
[0110] If it is determined that the answer is "NO" at 
Step S136, then at Step S137 the supply target value 
W PO of the articles to be supplied from the feeder 114 
to the pool hopper 115 next time is calculated by the 
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formula in Step S137 in Figure 4. Then, the process re- 
turns to Step S127, and additional articles are supplied 
from the pool hopper 115 to the weighing hopper 116. 
In addition, if the answer in Step S136 is "YES", then 
the process simply returns to Step S127, and additional 5 
articles are supplied from the pool hopper 115 to the 
weighing hopper 1 1 6. Note that in Step S1 37, the supply 
target value W PO is calculated by dividing the value ob- 
tained when the total value W w + W P is subtracted from 
the weight limit value W L by, for example, 2, but any val- 
ue between 1 and 3 can be employed. 
[0111] Then, if the process continues to Step S127 
and then proceeds to Step S122, articles having the 
supply target value W PO calculated at Step S1 37 will be 
supplied from the feeder 114 to the pool hopper 115 at 
Step S1 23. 

[0112] On the other hand, if it determined that the an- 
swer is "YES" in Step S135, then additional articles will 
not supplied because it is predicted that an over-scale 
state will result if additional articles are supplied. There- 
fore, the process will return to Step S 1 29, and the weigh- 
ing hopper 116 will participate in the next combination 
calculation. 

[01 13] By performing the process of step S1 37, when 
supplying additional articles is likely to result in the over- 
scale state, the weight of the articles to be supplied from 
the feeder 1 1 4 to the pool hopper 1 1 5 will be made half 
the value obtained by subtracting the total value W w + 
W p from the weight limit value W L , and thus the avoid- 
ance of an over-scale state can be assured when addi- 
tional articles are supplied to the weighing hopper 116. 

Modification B> 

[0114] Next, with the control example shown in Figure 
3 as a foundation, a control example used to conduct 
feedback control of articles supplied from the feeder 1 1 4 
to the pool hopper 115 will be described with reference 
to the flowchart of Figure 5. 

[0115] First, in Step S141 , if it is determined that the 
pool hopper 1 1 5 is empty, at Step S1 42, the feeder 1 1 4 
that corresponds to the pool hopper 115 is driven and a 
predetermined amount of articles are supplied to the 
pool hopper 1 1 5. In other words, the supply target value 
W PO of articles supplied from the feeder 114 to the pool 
hopper 1 1 5 is established in advance, and a control var- 
iable A is set during the driving of feeder 114 such that 
the actual amount of articles supplied is the supply tar- 
get value W P0 . The control variable A is composed of 
at least one of the duration and the amplitude of the vi- 
bration applied to the feeder 114. 
[0116] At Step S143, the weight value Wp from the 
pool hopper 115 is input, and the combination calcula- 
tion control or the additional supply control shown in 
Steps S 1 44 to S 1 53 proceed concu rrently with feedback 
control of the supply of articles from the feeder 114 to 
the pool hopper 115 shown in Steps S 154 to S157. Note 
that the control shown in Steps S144 to S153 is sub- 



stantially identical to that of Steps S104 to S113, and 
thus a description thereof will be omitted. 
[01 17] On the other hand, in the feedback control, the 
deviation AW between the weight value W P of articles 
actually supplied to the pool hopper 1 1 5 and the prede- 
termined supply target value W PO of articles to be sup- 
plied from the feeder 114 to the pool hopper 115 is cal- 
culated in Step S154. 

[0118] Then, in Step S155, if it is determined that the 
deviation AW is smaller than a predetermined allowable 
value -a with respect to the supply target value W PO , 
one unit AA is added to the initial control variable A of 
the feeder 1 14 to produce a new control variable A, and 
then the process returns to Step S141. In addition, in 
Step S155, if it is determined that the deviation AW is 
larger than a predetermined allowable value a with re- 
spect to the supply target value W PO , one unit AA is sub- 
tracted from the initial control variable A of the feeder 
114 to produce a new control variable A at Step S157, 
and then the process returns to Step S141. Then, in 
Step S155, if it is determined that the deviation AW is 
within a predetermined allowable range of-cc < AW < a 
with respect to the supply target value W P0 , the process 
simply returns to Step S141 . 

[0119] By performing this type of process, additional 
articles can be supplied from the pool hopper 1 1 5 to the 
weighing hopper 11 6 so that an over-scale state will not 
result and the effects noted below can be achieved, 
even if the combination was not completed. 
[01 20] In other words, with conventional combination 
weighing devices, when feedback control of the amount 
of articles supplied by the feeder is conducted based 
upon the weight from the weighing hopper, articles are 
supplied from the pool hopper to the weighing hopper 
and the weight of the articles therein are then measured. 
Thus, feedback control is performed from this point in 
time based upon the weight of the articles. In contrast, 
with the combination weighing device 101, feedback 
control of the amount of articles supplied to the feeder 
114 can be conducted based upon the weight value W P 
at the point at which articles are supplied from the feeder 
1 1 4 to the pool hopper 115. Thus, the time lag from the 
point at which the weight value Wp is measured to the 
point at which feedback control is executed will be re- 
duced, and both responsiveness and convergence to 
the control will be improved. In other words, operating 
efficiency will improve due to the increase in process 
speed. 

[0121] Then, because the amount of articles supplied 
from the feeder 1 1 4 to the pool hopper 1 1 5 is managed 
with good accuracy with respect to the supply target val- 
ue W PO , there will be a high probability that combina- 
tions will be complete andthus operational efficiency will 
improve. 

Modification C> 

[01 22] Next, a control example used to conduct feed- 
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back control of articles supplied from the feeder 114 to 
the pool hopper 115 based upon the weight value W P 
from the pool hopper 115 will be described with refer- 
ence to the flowchart of Figure 6. Here, the flowchart will 
be described by observing all of the feeders 114-114, 
pool hoppers 115-115, and weighing hoppers 116-116. 
[0123] First, in Step S161 , if it is determined that any 
of the pool hoppers 1 1 5-1 1 5 is empty, at Step S1 62, the 
feeders 114-114 that corresponds to the empty pool 
hoppers 115-115 are driven and a predetermined quan- 
tity of articles are supplied to the empty pool hoppers 

115- 115. In other words, a supply target value W PO of 
articles supplied from the feeders 114-114 to the pool 
hoppers 115-115 is established in advance, and a con- 
trol variable A for the feeders 114-114 is established 
such that the actual amount of articles supplied is the 
supply target value W po . The control variable A is com- 
posed of at least one of the duration and the amplitude 
of the vibration applied to the feeders 114-114. 
[0124] At Step S1 63, the weight values W P -W P from 
the pool hoppers 115-115 are input, and the combination 
calculation control or the additional supply control 
shown in Steps S1 64 to S1 69 proceed concurrently with 
feedback control of the supply of articles shown in Steps 
S170 toS173. 

[0125] In the combination calculation control, if it is 
determined in Step S1 64 that any of the weighing hop- 
pers 116-116 is empty, articles are supplied from the 
pool hoppers 115-115 to the empty weighing hoppers 

116- 116 at Step S165. Then, after weight values W w - 
W w from the weighing hoppers 1 1 6-1 1 6 are input at Step 

5166, a combination calculation is performed in Step 

5167. If it is determined in Step S 164 that none of the 
weighing hoppers 116-116 are empty, then, the process 
proceeds to step S167. 

[0126] If it is determined in Step S1 68 that the combi- 
nation calculation is complete, articles are discharged 
from the weighing hoppers 116-116 selected in the com- 
bination in Step S169 and then the process returns to 
Step S1 64. On the other hand, if it is determined at Step 
S168 that the combination is not complete, then prede- 
termined steps are performed such as supplying addi- 
tional articles from the pool hoppers 115-115 to the 
weighing hoppers 116-116 and the process returns to 
Step S167. 

[0127] In the feedback control of steps S170-S173, 
deviations AW-AW between the weight values W P -W P 
of articles actually supplied to the pool hoppers 115-115 
and the predetermined supply target value W PO of arti- 
cles to be supplied from the feeders 1 1 4-1 1 4 to the pool 
hoppers 115-115 is calculated in Step S170. Then, in 
Step S1 71 , if it is determined that the deviations AW-AW 
are smaller than a predetermined allowable value -a 
with respect to the supply target value W PO , one unit AA 
is added to the initial control variable A of the feeders 
114-114 to produce a new control variable A in Step 
S1 72, and then the process returns to Step S1 61 . In ad- 
dition, in Step S1 71 , if it is determined that a deviation 



AW is larger than a predetermined allowable value a 
with respect to the supply target value W PO , one unit AA 
is subtracted from the initial control variable A of the 
feeders 114-114 to produce a new control variable A in 
5 Step S1 73, and then the process returns to Step S1 61 . 
Then, in Step S171 , if it is determined that a deviation 
AW is within a predetermined allowable range of -a < 
AW < a with respect to the supply target value W PO , the 
process simply returns to Step S161 . 
10 [01 28] By performing this type of process, the time lag 
from the point at which the weight values W P -W P are 
measured to the point at which feedback control is ex- 
ecuted will be reduced, and both responsiveness and 
convergence to the control will be improved, because 
is feedback control of the amount of articles supplied to 
the feeders 114-114 can be performed based upon the 
weight values W P -W P at the point at which articles are 
supplied from the feeders 114-114 to the pool hoppers 
115-115. In other words, operating efficiency will im- 
prove due to the increase in process speed. 
[0129] Then, because the amount of articles supplied 
from the feeders 114-114 to the pool hoppers 115-115 
are managed with good accuracy with respect to the 
supply target value W po , there will be a high probability 
that combinations will be within an allowable range and 
thus operational efficiency will improve. 
[0130] Note that in the aforementioned embodiment, 
the weights of the articles supplied are first measured 
by the weight detectors 115a-115a of the pool hoppers 

115- 115, and then the weights of the articles are con- 
firmed by the weight detectors 116a-11 6a of the weight 
hoppers 1 1 6-1 1 6. Thus, the weight detectors 1 1 5a-1 1 5a 
of the pool hoppers 115-115 may be compared to the 
weight detectors 116a-116a of the weighing hoppers 

116- 116 and set to a low weighing accuracy in accord- 
ance with need (by for example shortening the weighing 
times), or the weight detectors may be replaced with 
those having a lower weighing accuracy. This makes it 
possible to maintain a predetermined weighing accura- 
cy while reducing costs and increasing the speed of the 
process. 

[0131] On the other hand, the weight detectors 116a- 
116a of the weighing hoppers 116-116 can be omitted 
by making the weighing accuracy of the weight detec- 
tors 115a-115a of the pool hoppers 115-115 the same 
as that presently required with the weight detectors 
116a-116a of the weighing hoppers 116-116. In this sit- 
uation, both the articles and the weights W P -W P of the 
articles will be sent from the pool hoppers 115-115 to 
the weighing hoppers 116-116. This allows the weighing 
operation by the weighing hoppers 116-116 to be omit- 
ted, and thus the burden on the control unit 120 can be 
reduced and a predetermined weighing accuracy can 
be maintained while reducing costs and increasing the 
speed of the process. 

[0132] In addition, the feeders 114-114, the pool hop- 
pers 115-11 5, and the weighing hoppers 1 1 6-1 1 6 of the 
combination weighing device 101 according to the 
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aforementioned embodiment are arranged in a circular 
shape when viewed from above, but the effects of the 
present invention described above will be obtained even 
if the combination weighing device 1 01 is arranged in a 
linear shape. 5 
[0133] Then, articles from the pool hoppers 115-115 
may be discharged in both the direction of the weighing 
hoppers 116-116 and the direction of the individual 
chutes 117-117. In addition, booster hoppers may be ar- 
ranged below the corresponding weighing hoppers 
116-116, and articles from the weighing hoppers 
116-116 may be discharged both in the direction of the 
booster hoppers and the direction of the individual 
chutes 117-117. This allows the number of weights par- 
ticipating in a combination calculation to be reliably in- 
creased, and thus the combinations will fall within an al- 
lowable range with a high probability. 

SECOND EMBODIMENT 

[0134] A combination weighing device according to a 
second embodiment of the present invention will be de- 
scribed below. 

[0135] As shown in Figure 7, a combination weighing 
device 1 includes a box shaped main case 12 that is 
supported by a plurality of support legs 1 1 - 1 1 on top of 
a frame 1 0. A dispersion table 1 3 that disperses articles 
such as snack foods and candy, a plurality of feeders 
1 4-1 4 that are disposed in a radiating pattern around the 
periphery of the dispersion table 1 3, pool hoppers 1 5-1 5 
that are vertically paired with each of the feeders 14-14, 
and weighing hoppers 16-16 are attached to the main 
case 12. Weight detectors 15a-15a, 16a-16a that are 
composed of load cells or the like are each connected 
to the pool hoppers 15-15 and the weighing hoppers 
16-16. The weights of articles supplied by the pool hop- 
pers 15-15 and the weighing hoppers 16-16 are meas- 
ured by the weight detectors 15a-15a, 16a-16a. 
[0136] The articles supplied to the combination 
weighting device 1 by means of a supply device (not 
shown in the figures) are first approximately uniformly 
dispersed to the feeders 14-14 by vibrating the disper- 
sion table 1 3, and then supplied from the vibrating feed- 
ers 14-14 to the weighing hoppers 16-16 in suitable 
quantities via the pool hoppers 15-15. Then, each of the 
weights is measured with the weighing hoppers 16-16 
and a combination calculation is performed. 
[0137] Individual chutes 17-17 are disposed below 
each weighing hopper 16-16. Based on the results of 
the combination calculation, articles are discharged 
from the weighing hoppers 16-16 that have been select- 
ed for the combination to the individual chutes 17-17. 
The articles discharged and dropped into the individual 
chutes 1 7-1 7 are collected by means of a funnel shaped 
collection chute 1 8 disposed in the approximate center 
of the combination weighing device 1, and the articles 
are then supplied to a packaging device or the like that 
is on the downstream side of the collection chute 18. 



[0138] As shown in Figure 8, a control system for the 
combination weighing device 1 includes a control unit 
20 that comprehensively controls the combination 
weighing device 1 . 

[0139] The control unit 20 preferably includes a mi- 
crocomputer with a control program that controls the 
combination weighing device 1 as discussed below. The 
control unit 20 can also include other conventional com- 
ponents such as an input interface circuit, an output in- 
terface circuit, and storage devices such as a ROM 
(Read Only Memory) device and a RAM (Random Ac- 
cess Memory) device. The control unit 20 is operativefy 
coupled to the weight detectors 15a and 16a, the feed- 
ers 14, and the gate open/close mechanisms 15b and 
1 6b in a conventional manner as shown in Figure 8. The 
control unit 20 is capable of selectively controlling any 
of the components of the combination weighing device 
1 in accordance with the control program. It will be ap- 
parent to those skilled in the art from this disclosure that 
the precise structure and algorithms for control unit 20 
can be any combination of hardware and software that 
will carry out the functions of the present invention. In 
other words, "means plus function" clauses as utilized 
in the specification and claims should include any struc- 
ture or hardware and/or algorithm or software that can 
be utilized to carry out the function of the "means plus 
function" clause. 

[0140] The control unit 20 inputs weight signals from 
the weight detectors 1 6a-1 6a provided in each weighing 
hopper 16-16, performs a combination calculation 
based on these weight signals, and selects a combina- 
tion in which the combined weight of the articles is within 
an allowable range with respect to a target weight. 
[0141] In addition, the control unit 20 calculates a plu- 
rality of combinations by means of the combination cal- 
culation in which the combination weights are within an 
allowable range with respect to the target weight. Mem- 
ory 20a of the control unit 20 stores these combinations 
in an ideal sequence, i.e., ordered according to the de- 
gree of accuracy with respect to the target weight. 
[0142] In addition, the control unit 20 performs a sec- 
ondary combination calculation involving the weights of 
the weighing hoppers 16-16 selected in the combina- 
tions and the weights of pool hoppers 15-15 that store 
the articles for the selected weighing hoppers 16-16, 
and selects a secondary combination in which the com- 
bination weight is within an allowable range with respect 
to the target weight. 

[0143] In addition, the control unit 20 supplies addi- 
tional articles from a pool hopper 1 5 to a weighing hop- 
per 1 6 when the combination is not within the allowable 
range. Then, the control unit 20 inputs a weight signal 
from a weight detector 1 5a of the pool hopper 1 5 when 
additional articles are to be added, and controls the 
amount of articles supplied from a feeder 14 to the pool 
hopper 15 based upon this weight signal and a weight 
signal from the weight detector 1 6a of the weighing hop- 
per 16. 
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[0144] In addition, the control unit 20 supplies addi- 
tional articles from the pool hopper 15 to the weighing 
hopper 1 6 when the combination is not complete. Then, 
when additional articles are to be supplied, the control 
unit 20 selects the pool hopper 1 5 that will complete the 
combination by supplying stored articles to the weighing 
hopper 16. 

[0145] Then, the control unit 20 inputs discharge re- 
quest signals from a downstream packaging device or 
the like, and outputs control signals based upon the dis- 
charge request signals to gate open/close mechanisms 
15b-15b, 16b-16b that open and close the gates of the 
pool hoppers 15-1 5 or the weighing hoppers 16-16. This 
discharges articles from the hoppers 15-15, 16-16. 
[0146] Weighing hoppers 15, pooling hoppers 16, 
weighing detectors 15a and 16a, feeders 14, and gate 
open/close mechanisms 15b and 16b are conventional 
components that are well known in the art. Therefore, 
these structures will not be discussed or illustrated in 
further detail herein. 

[0147] Next, an example of the control steps executed 
by the control unit 20 when performing combination 
weighing with the combination weighing device 1 will be 
described below. 

[0148] First, when the results of the secondary com- 
bination calculation indicate that a secondary combina- 
tion is not complete, the control unit 20 will control a 
feeder 1 4 to supply articles to an empty pool hopper 1 5 
so that the secondary combination will be within the al- 
lowable range. This control is described in Figures 9-13. 
Note that subscripts are attached to each of the pool 
hoppers 15-15, weighing hoppers 16-16, and articles 
X-X shown in Figures 11-13 and are employed in the 
description provided below, in order to more clearly ex- 
plain the supply and discharge of the articles X-X. 
[0149] As shown in Figure 9, when the combination 
weighing device 1 begins operating, the supply target 
value W PO of articles X-X supplied from the feeders 

1 4- 1 4 to the pool hoppers 1 5-1 5 is set to a default supply 
target value W PD in Step S1 . If this combination weigh- 
ing device 1 includes, for example, 6 weighing hoppers 
1 6-1 6, then the default supply target value W PD of arti- 
cles supplied from the feeders 1 4-1 4 to the pool hoppers 

15- 15 is set such that the combination can be accom- 
plished within the allowable range with 2 to 3 weighing 
hoppers 1 6-1 6. In other words, an example of the default 
supply target value W PD in this situation is the value ob- 
tained by dividing the target weight during a combination 
calculation by 2.5. 

[0150] In Step S2, after the feeders 14-14 are driven 
and articles X-X are supplied to empty pool hoppers 
15-15 so that the predetermined supply target value 
W PO is reached, the weight values of the articles X-X 
are input from the weight detectors 15a-15a connected 
to the pool hoppers 15-15. Here, because this is imme- 
diately after the combination weighing device 1 began 
operation, pool hoppers 15 1 -15 6 are all empty at first, 
and then articles X ir X 61 are supplied to and respective- 



ly stored in the pool hoppers 1 5 1 -1 5 6 (see Figure 1 1 (a)). 
[0151] At Step S3, after the gate open/close mecha- 
nisms 1 5b-1 5b of the pool hoppers 15-15 are driven and 
the articles X-X are supplied from the pool hoppers 

5 15-15 to the weighing hoppers 16-16, the weight values 
of the articles X-X are input from the weight detectors 
16a-16a connected to the weighing hoppers 16-16. 
Note that in this situation, the weight detectors 1 6a-1 6a 
connected to the weighing hoppers 16-16 will confirm 

10 the weight values from the pool hoppers 1 5-1 5. In addi- 
tion, because this is immediately after the combination 
weighing device 1 began operation, weighing hoppers 
16«|-16 6 are all empty at first, and then the articles X ir 
X 61 are respectively supplied to and stored in the weigh- 
ts ing hoppers 16 r 15 6 (see Figures 11(a), 11(b)). 

[0152] Then at Step S4, after new articles X-X are 
supplied from the feeders 1 4-1 4 to the empty pool hop- 
pers 15-15, the weight values of these articles X-X are 
input. Articles X 12 -X 62 supplied this time are respective- 

20 |y stored in the pool hoppers 15 r 15 6 (see Figure 11 (b)). 
[0153] At Step S5, a primary combination calculation 
is performed on the weighing hoppers 16-16, and at 
Step S6, it is determined whether or not the combination 
weight of the primary combination is complete with re- 

25 spect to the target weight based upon the results of the 
primary combination calculation. The target group of the 
primary combination calculation is shown in Figure 11 
(c) encircled with a thick dotted line and labeled "A". 
Here, the primary combination is accomplished with two 

30 weighing hoppers 16^ 16 3 , i.e., articles X^, X 31 . 

[0154] At Step S6, the process determines whether 
the primary combination is complete. If the answer is 
"YES" in Step S6, then a secondary combination calcu- 
lation is performed at Step S7 on the weighing hoppers 

35 1 6-1 6 not selected in the primary combination and the 
pool hoppers 15-15 corresponding to the selected 
weighing hoppers 16-16. The target group of the sec- 
ondary combination calculation is shown in Figure 1 1 (c) 
encircled with a thin dotted line and labeled "B". Here, 

40 a complete secondary combination is one weighing hop- 
per 16 5 , i.e., article X 51 , and one pool hopper 15^ i.e., 
article X 12 . At Step S8, the gate open/close mechanisms 
16b, 16b of the weighing hoppers 16^ 16 3 selected in 
the primary combination calculation are driven to dis- 

45 charge the articles X 11p X 31 from the weighing hoppers 
1 6 1 , 1 6 3 to the individual chutes 17,17. At Step S9, after 
articles X 12 , X 32 are supplied from the pool hoppers 15 1t 
1 5 3 , which correspond to the weighing hoppers 1 6 1 , 1 6 3 
that discharged the articles X 11( X 31 , the weight values 

so of these articles X 12 , X 32 are input (See Figure 1 1 (d)). 
[0155] At Step S1 0, a primary combination calculation 
is performed on the weighing hoppers 16-16, and at 
Step S11 , it is determined whether or not the combina- 
tion weight of the primary combination is in an allowable 

55 range with respect to the target weight based upon the 
results of the primary combination calculation. The tar- 
get group of the primary combination calculation is 
shown in Figure 12(a) encircled with a thick dotted line 
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and labeled "A". Here, as shown above with the results 
of the secondary combination calculation in Step S7, a 
complete primary combination is the two weighing hop- 
pers 16^ 16 5 , i.e., articles X 12 , X 51 . 
[0156] Then, the process will proceed to Step S12 if 
it is determined that the answer is "NO" in Step S6 or 
Step S11, and after additional articles X are supplied 
from the pool hoppers 1 5 corresponding to predeter- 
mined weighing hoppers 16, the process will return to 
Step S5. 

[0157] If the answer is "YES" in Step S1 1 , then a sec- 
ondary combination calculation is performed at Step 
S1 3 on the weighing hoppers 1 6-1 6 not selected in the 
primary combination and the pool hoppers 15-15 corre- 
sponding to the selected weighing hoppers 16-16. The 
target group of the secondary combination calculation 
is shown in Figure 1 2(a) encircled with a thin dotted line 
and labeled "B", and includes the empty pool hopper 
15 v Note that the secondary combination is not com- 
plete at this point. 

[0158] At Step S14, it is determined whether or not 
the secondary combination has a combination weight 
that is within the allowable range with respect to the tar- 
get weight based on the results of the secondary com- 
bination calculation. Then in Step S14, if for example it 
is determined that the answer for the illustration shown 
in Figure 12(a) is "NO" then in Step S15 it is determined 
whether or not there is an empty pool hopper in the tar- 
get pool hoppers 15-15 of the secondary combination 
calculation in Step S 13. As can be clearly seen in Figure 
12(a), the pool hopper 15 t satisfies this requirement. 
[0159] If the answer is determined to be "YES" in Step 
S1 5, then in Step S1 6 after a suitable quantity of articles 
X are supplied from a feeder 1 4 to the empty target pool 
hopper 1 5 of the secondary combination calculation, the 
weight value of these articles X is input. Here, the term 
"suitable quantity" means a quantity that will complete 
a primary combination in the next primary combination 
calculation. In Figure 12(b), a suitable quantity of arti- 
cles X 13 is supplied to the pool hopper 15 v 
[0160] Step S16 will be described here in detail. As 
shown in Figure 1 0, in Step S1 6A, a combination calcu- 
lation on the group encircled with the thin dotted line and 
labeled in Figure 1 2(a) is performed with a value W-W PD 
(a target weight) obtained by subtracting the default sup- 
ply target value W PD from the combination target value 
W. in Step S16B, an optimal combination is selected. A 
combination weight value W s is obtained by means of 
this optimal combination. 

[0161] At Step S16C, the supply target value W PO of 
the next article X 13 . to be supplied to the pool hopper 
1 5 1 is set to a value W - W s obtained by subtracting the 
combination weight value W s of the combination select- 
ed in Step S16B from the combination target value W. 
Then in Step S1 6D, after the article X 13 is supplied from 
a feeder 14 to the pool hopper 15^ the weight value of 
the article X 13 is input. The result of this; as shown in 
the example in Figure 12(b), is that the next primary 



combination will be complete with the article X 13 ' and an 
article X 21 stored in the weighing hopper 163. 
[0162] In other words, afterthe optimal quantity of the 
article X stored in the empty target pool hopper 1 5 of the 

5 secondary combination calculation determined in Step 
S1 5 is stored in the weighing hopper 1 6 that will be emp- 
tied in Steps S8, S9, it will then be selected by means 
of the primary combination calculation of Step S1 0. Note 
that in situations in which there is a plurality of empty 

10 pool hoppers 15-15, one pool hopper 15 may be set in 
advance to supply the optimal quantity of article X. 
[0163] Returning now to Figure 9, the supply target 
value W PO of the articles X-X supplied from the feeders 
14-14 to the pool hoppers 15-15 is set as the default 

*5 supply target value W PD in Step S1 7. Then at Step S1 8, 
after a normal amount of articles X-X are supplied from 
the feeders 1 4-1 4 to the empty pool hoppers 15-15 other 
than the pool hopper 1 5 1 , the weight values of these ar- 
ticles X-X are input. In Figure 12(b), this step is per- 

20 formed by supplying an article X 33 to the pool hopper 
15 3 . 

[0164] Next, the process returns to Step S8, and arti- 
cles X 12 , X 51 are discharged from the weighing hoppers 
16^ 16 5 selected in the previous primary combination 

25 calculation. At Step S9, after articles X 13 ' t X 5 2 are sup- 
plied from the pool hoppers 15 t , 15 5 corresponding to 
the weighing hoppers 16 1t 1 6 5 that discharged the arti- 
cles X 12 , X 51 , the weight values of these articles X 13 \ 
X 52 are input. As noted above, in the next primary com- 

30 bination calculation, the primary combination will be 
complete with the two weighing hoppers 16^ 16 2 , i.e., 
articles X 13 ',X 21 (see Figure 12(c)). 
[0165] On the other hand, if it is determined that the 
answer is "YES" in Step S14, the process proceeds to 

35 step S1 8, and after a normal quantity of articles X-X are 
supplied from the feeders 14-1 4 to the empty pool hop- 
pers 15-15, the weight values of these articles X-X are 
input. The target group of the secondary combination 
calculation is shown in Figure 13(a) encircled with a thin 

40 dotted line and labeled "B". Here, a complete secondary 
combination is one weighing hopper 1 6 3 , i.e., article X 32 , 
and one pool hopper 15 5 (i.e., article X 52 ). In addition, 
in Figure 13(b), articles X 13> X 33 are respectively sup- 
plied to the two empty pool hoppers 15.,, 15 3 . 

45 [0166] Then, afterthe process proceeds to Step S18, 
the process will return to Step S8 and Step S9. In other 
words, articles X 12 , X 51 are discharged from the weigh- 
ing hoppers 1 6 1 , 1 6 5 , and after articles X 13 , X 52 are sup- 
plied from the pool hoppers articles 15-,, 15 5 corre- 

50 sponding to the weighing hoppers 16 1t 16 5 that dis- 
charged the articles X 12t X 51 , the weight values of these 
articles X 13 , X 52 are input (See Figure 13(c)). 
[0167] In addition, if it is determined that the answer 
is "NO" in Step S15, the process proceeds to Step S18 

55 and control will continue to be executed. 

[01 68] By performing this type of process, whether or 
not a primary combination in the next primary combina- 
tion calculation will be complete can be predicted by per- 
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forming a secondary combination calculation based up- 
on the results of the primary combination calculation. In 
other words, when it is predicted in a secondary combi- 
nation calculation that a secondary combination will not 
be complete, a suitable quantity of an article X will be 
supplied from a feeder 14 to a pool hopper 15 that is 
determined to be empty so that the secondary combi- 
nation will be complete, and thus in the next primary 
combination calculation the primary combination will be 
complete and operational efficiency will be reliably in- 
creased. 

Modification D> 

[0169] Next, Figures 14-16 describe a situation in 
which an additional amount of article X supplied from a 
pool hopper 15 to a predetermined weighing hopper 16 
is controlled when the results of the primary combination 
calculation indicate that the primary combination is not 
complete. Note that subscripts are attached to each of 
the pool hoppers 15-15, weighing hoppers 16-16 f and 
articles X-X shown in Figure 1 6 and are employed in the 
description provided below, in order to more clearly ex- 
plain the supply and discharge of the articles X-X. 
[0170] As shown in Figure 14, when the combination 
weighing device 1 begins operating, the supply target 
value W PO of articles X-X supplied from the feeders 
1 4-1 4 to the pool hoppers 1 5-1 5 is set to a default supply 
target value W PD in Step S21 . The control in Steps S22 
to Step S36 is approximately identical with the control 
described in Steps S2 to S16, and thus a description 
thereof will be omitted. 

[0171] At Step S36, after a quantity of article X that 
completes the secondary combination (i.e., an quantity 
that will complete the primary combination in the next 
primary combination calculation) is supplied to the emp- 
ty target pool hopper 15 of the secondary combination 
calculation from a feeder 1 4, the weight value of the ar- 
ticle X is input. Then in Step S37, it is determined wheth- 
er or not there is an empty pool hopper 1 5 that supplies 
additional article X to a target weight hopper 16. In Fig- 
ure 12(a), the pool hopper 15 3 corresponding to a target 
weighing hopper 1 6 3 that is to be supplied with addition- 
al article X is empty, and thus satisfies this requirement. 
[0172] If the answer is determined to be "YES" in Step 
S37, after a suitable quantity of article X is supplied from 
a feeder 1 4 to the empty pool hopper 1 5, the weight val- 
ue of the article X is input in Step S38. In Figure 16(a), 
a suitable quantity of article X 33 " is supplied to the empty 
pool hopper 1 5 3 . Note that a sufficient quantity of article 
X 13 that completes the secondary combination noted in 
Step S36 is supplied to the pool hopper 15 v In addition, 
the primary combination is complete with articles X 12 , 
X 51 stored in two weighing hoppers 16 v 16 5 . 
[0173] Step S38 will be described here in detail. As 
shown in Figure 1 5, in Step S38A it is determined wheth- 
er or not a value W L -W W obtained by subtracting the 
weight value W w of article X 32 in the weighing hopper 



16 3 from a predetermined weight limit value W L of the 
weighing hopper 16 3 exceeds the supply target value 
W po . The weight limit value W L is the maximum weight 
of article X that can be supplied to a weighing hopper 

5 1 6 without resulting in an over-scale state. Note that an 
over-scale state is also created by supplying a volume 
of article X that exceeds the maximum allowable capac- 
ity of a weighing hopper 16, however in this situation, 
the density of article X may be used to convert the value 

10 of the maximum allowable capacity to a maximum al- 
lowable weight value, and this maximum allowable 
weight value may be employed instead of the weight lim- 
it value W L . 

[01 74] If it is determined that the answer in Step S38A 

15 is "NO" then in Step S38B the supply target value W PO 
of a next article X 33 " supplied to the pool hopper 15 3 Is 
set to a value obtained by dividing the aforementioned 
value W L -W W by 2. Then in Step S38C, after article X^" 
is supplied from a feeder 1 4 to the pool hopper 1 5 3 , the 

20 weight value of the article X 33 " is input. Note that in this 
example the value W L - W w is divided by 2, but any value 
between 1-3 can be normally employed. 
[0175] Then, if it is determined that the answer in Step 
S38A is "YES", then the process proceeds to Step S39. 

25 On the other hand, if it is determined that the answer in 
Step S38A is "NO", then Steps S38B, S38C are execut- 
ed, and the process proceeds to Step S39 in Figure 14. 
The supply target value W PO of the articles X-X supplied 
from the feeders 1 4-1 4 to the pool hoppers 1 5-1 5 is set 

30 as the default supply target value W PD in Step S39. Then 
at Step S40, after a normal amount of articles X-X are 
supplied from the feeders 14-14 to the empty pool hop- 
pers 15-15 other than the two pool hoppers 15 1t 15 5> 
the weight values of these articles X-X are input. In the 

35 example shown in Figure 16 (a) , no pool hopper 15 sat- 
isfies this requirement. 

[0176] After Step S40, the process returns to Step 
S28, and articles X 12 , X 51 are discharged from the 
weighing hoppers 16 1f 1 6 5 selected in the primary com- 

40 bination calculation. Then, at Step S29, after articles 
X 13 ,X 52 are supplied from the pool hoppers 15 1t 15 5 
corresponding to the weighing hoppers 1 6 1 , 1 6 5 that dis- 
charged the articles X 12 , X 51l the weight values of these 
articles X^'.X^ are input (see Figure 16(b)). 

45 [0177] Here, article X 33 u stored in the pool hopper 1 5 3 
will not result in an over-scale state, even if the article 
X 33 " is an additional supply that is provided to the weigh- 
ing hopper 16 3 targeted for additional supply when the 
primary combination is not complete, because article 

50 X33" is supplied with the supply target value W PO ob- 
tained by dividing the value W L -W W by 2. 
[0178] On the other hand, if it is determined that the 
answer in Step S34 is "YES" or that the answer in Step 
S35 is "NO", then the process will continue to Step S37 

55 and control will be executed. Then, if it is determined 
that the answer is "NO" in Step S37, the process pro- 
ceeds to Step S40 and control will continue to be exe- 
cuted. 
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[0179] By performing this type of process, when the 
results of a primary combination calculation indicated 
that a primary combination is not complete, and an ad- 
ditional quantity of article X is supplied from a pool hop- 
per 1 5 corresponding to a predetermined weighing hop- 
per 1 6 that receives this supply, the quantity of article X 
supplied from a feeder 1 4 to the pool hopper 1 5 will be 
controlled to a suitable quantity so that an over-scale 
state is not produced in the previously selected weighing 
hopper 1 6. In other words, an over-scale state that caus- 
es the combination weighing device 1 to cease opera- 
tions will be avoided. 

Modification E> 

[01 80] Next, Figures 1 7 and 1 8 describe a situation in 
which the process is controlled so that when the results 
of a secondary combination calculation indicate that a 
secondary combination is not complete, a secondary 
combination from the secondary combination calcula- 
tion that is complete will be selected from a plurality of 
primary combinations obtained when a primary combi- 
nation calculation is performed prior to the secondary 
combination calculation. Note that subscripts are at- 
tached to each of the pool hoppers 15-15, weighing hop- 
pers 16-16, and articles X-X shown in Figure 1 8 and are 
employed in the description provided below, in order to 
more clearly explain the supply and discharge of the ar- 
ticles X-X. 

[0181] As shown in Figure 17, when the combination 
weighing device 1 begins operating, and after the feed- 
ers 14-14 are driven and a predetermined quantity of 
articles X-X are supplied to the empty pool hoppers 

15- 15 at Step S51, the weight values of these articles 
X-X are input. Here, because this is immediately after 
the combination weighing device 1 began operation, 
pool hoppers 1 5 r 1 5 6 are all empty at first, and then ar- 
ticles X ir X 61 are supplied to and respectively stored in 
the pool hoppers 15 r 15 6 (see Figure 11(a)). 

[0182] At Step S52, after articles X-X are supplied 
from the pool hoppers 15-15 to the weighing hoppers 

16- 16, the weight values of the articles X-X are input. 
Then at Step S53, articles X-X are supplied from the 
feeders 14-14 to the empty pool hoppers 15-15. In this 
situation, because this is immediately after the combi- 
nation weighing device 1 began operation, weighing 
hoppers 16 1 -16 6 are all empty at first, and then the ar- 
ticles X 11 -X 61 are respectively supplied to and stored in 
the weighing hoppers 1 6 1 -16 6 . On the other hands, ar- 
ticles X 12 -X 62 supplied this time are respectively stored 
in the pool hoppers 15 r 15 6 (see Figures 11(a) and 11 
<b». 

[01 83] At Step S54, a primary combination calculation 
is performed on the weighing hoppers 16-16, and at 
Step S55, it is determined whether or not the combina- 
tion weight of the primary combination is complete with 
respect to the target weight based upon the results of 
the primary combination calculation. The target group 



of the primary combination calculation is shown in Fig- 
ure 18(a) encircled with a thick dotted line and labeled 
"A". 

[0184] If it is determined that the answer is "YES" in 

5 Step S55, then a plurality of primary combinations are 
stored in the memory 20a in order of their degree of ac- 
curacy with respect to the target weight. In this situation, 
the most accurate combination is the two weighing hop- 
pers 16 1f 16 3 , i.e., the articles X^, X 31 . 

10 [0185] A secondary combination calculation is per- 
formed at Step S58 on the weighing hoppers 16-16 not 
selected in the primary combination and the pool hop- 
pers 1 5-1 5 corresponding to the selected weighing hop- 
pers 16-16. The target group of the secondary combi- 

15 nation calculation is shown in Figure 1 8(a) encircled with 
a thin dotted line and labeled "B". 
[0186] At Step S59, it is determined whether or not 
the secondary combination has a combination weight 
that is complete with respect to the target weight based 

20 on the results of the secondary combination calculation. 
If it is determined that the answer is "YES" in Step S59, 
then in Step S60 the articles X-X are discharged from 
the hoppers 16-16 selected in the primary combination 
calculation. Then in Step S61 , after new articles X-X are 

25 supplied from the pool hoppers 15-15 corresponding to 
the weighing hoppers 1 6-1 6 that just discharged articles 
X-X, the weight values of the articles X-X are input and 
the process returns to Step S53. 
[0187] On the other hand, if it is determined that the 

30 answer is "NO" in Step S59, then at Step S62 it is de- 
termined whether or not a next most accurate primary 
combination is available. The target group of the sec- 
ondary combination calculation shown in Figure 18(a) 
encircled with a thin dotted line and labeled "B" does not 

35 have a secondary combination that is complete. 

[0188] If it is determined that the answer is "NO" in 
Step S62, then this means that a next most accurate 
primary combination is not available, and thus the proc- 
ess will return to Step S60. On the other hand, if it is 

40 determined that the answer is "YES" in Step S62, then 
after that primary combination is selected from the plu- 
rality of primary combinations stored in the memory 20a 
in Step S63, the process will return to Step S58 and a 
secondary combination calculation will be performed 

45 again. As shown in Figure 18(b), the two weighing hop- 
pers 1 6 2 , 1 6 6 , i.e., the articles X 21 , X 61 , is the next most 
accurate primary combination from amongst the target 
group labeled "A" of the primary combination calcula- 
tion, and a complete secondary combination is one 

50 weighing hopper 16 4 , i.e., the article X 41 and one pool 
hopper 15 2 , i.e., the article X22, selected from the target 
group labeled "B" of the secondary combination calcu- 
lation. 

[0189] In otherwords, because it was determined that 
55 the answer was "YES" in Step S59 in this example, the 
process continues to Step S60, the discharge of the ar- 
ticles X 11( X 31 from the weighing hoppers 16 1( 16 3 se- 
lected as the most accurate primary combination in the 
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primary combination calculation was cancelled, and the 
articles X 21 , X 61 will be discharged from the weighing 
hoppers 16 2 , 16 6 selected as the next most accurate 
primary combination. Then at Step S61, after articles 
X 22 , X 62 are supplied from the pool hoppers 15 2> 15 6 5 
corresponding to the weighing hoppers 16 2 , 16 6 that dis- 
charged the articles X 21 , X 61 , the weight values of these 
articles X^, X 62 are input. Then the process returns to 
Step S53, and after the feeders 14, 14 are driven to sup- 
ply articles X 23 , X^ to the empty pool hoppers 1 5 2 , 1 5 6 , 
the weight values of these articles X 23 , X^ are input. As 
can be clearly seen in the examples, in the next primary 
combination calculation, the primary combination will be 
complete with the two weighing hoppers 16 2 , 16 4 , i.e. , 
articles X 22 , X 41 (see Figure 18(c)). 
[0190] Note that if it is determined that the answer is 
"NO" in Step S55, then after additional article X is sup- 
plied from a pool hopper 15 corresponding to a prede- 
termined weighing hopper 16, the process will return to 
Step S54. 

[0191] By performing this type of process, a plurality 
of primary combinations will be calculated during a pri- 
mary combination calculation and will be stored in the 
memory 20a in order of their accuracy, and when a sec- 
ondary combination is not complete when a secondary 
combination calculation based upon the most accurate 
primary combination is performed, a secondary combi- 
nation calculation based upon the next most accurate 
primary combination can be performed. In other words, 
a primary combination that completes a secondary com- 
bination during a secondary combination calculation 
can be selected from amongst the primary combinations 
during a primary combination calculation. Thus, the ac- 
curacy of a combination can be maintained while the 
next primary combination is completed. 

Modification F> 

[0192] Figures 19 and 20 describe an example in 
which the combination weighing device 1 is controlled 
to select a pool hopper 15 that will complete a primary 
combination by supplying stored article X to a weighing 
hopper 16 when the results of a primary combination 
calculation indicate that a primary combination is not 
complete. 

[0193] In the flowchart shown in Figure 19, the control 
other than Step 82 is identical to the control other than 
Step S1 2 in Figure 9, and thus a description thereof will 
be omitted. 

[0194] In other words, if it is decided that the answer 
is "NO" in Step S76 or Step S81 , the process will con- 
tinue to Step S82. A detailed description of Step S82 is 
shown in Figure 20. A pool hopper 15 that will complete 
a primary combination by supplying additional stored ar- 
ticle X to the corresponding weighing hopper 16 is se- 
lected at Step S82A. Then at Step S82B, after additional 
article X is supplied from the selected pool hopper 1 5 to 
the corresponding weighing hopper 1 6, the weight value 



from the weighing hopper 1 6 is input. 
[0195] Then after Step S82, the process returns to 
Step S75 and a primary combination calculation is per- 
formed on the weighing hoppers 1 6-1 6. 
[0196] By performing this type of process, even if the 
results of a primary combination calculation indicate that 
a primary combination is not complete, additional article 
X will be supplied from a pool hopper 15 to a weighing 
hopper 1 6 so that the primary combination will be com- 
plete. Because of this, supplying additional articles is 
more effective process means when a primary combi- 
nation is not complete. 

[0197] In addition, although a description thereof is 
omitted, Step S32 in Figure 1 4 or Step S64 in Figure 1 7 
may be modified to control the process in the same way 
as that in Step S82. 

[0198] Note that in the aforementioned embodiment, 
the weights of the articles X-X supplied are first meas- 
ured by the weight detectors 15a-15a of the pool hop- 
pers 1 5-1 5, and then the weights of the articles X-X are 
confirmed by the weight detectors 1 6a-1 6a of the weight 
hoppers 16-16. Thus, the weight detectors 15a-15a of 
the pool hoppers 1 5-1 5 may be compared to the weight 
detectors 16a-16a of the weighing hoppers 16-16 and 
set to a low weighing accuracy in accordance with need 
(by for example shortening the weighing times), or the 
weight detectors may be replaced with those having a 
lower weighing accuracy. This makes it possible to 
maintain a predetermined weighing accuracy while re- 
ducing costs and increasing the speed of the process. 
[0199] On the other hand, the weight detectors 16a- 
16a of the weighing hoppers 16-16 can be omitted by 
making the weighing accuracy of the weight detectors 
15a-15a of the pool hoppers 15-15 the same as that 
presently required with the weight detectors 1 6a-1 6a of 
the weighing hoppers 16-16. In this situation, both the 
articles X-X and the weights of the articles X-X will be 
sent from the poo! hoppers 15-15 to the weighing hop- 
pers 16-16. This allows the weighing operation by the 
weighing hoppers 1 6-1 6 to be omitted, and thus the bur- 
den on the control unit 20 can be reduced and a prede- 
termined weighing accuracy can be maintained while re- 
ducing costs and increasing the speed of the process. 
[0200] In addition, the feeders 14-14, the pool hop- 
pers 1 5-1 5, and the weighing hoppers 1 6-1 6 of the com- 
bination weighing device 1 according to the aforemen- 
tioned embodiment are arranged in a circular shape 
when viewed from above, but the effects of the present 
invention described above will be obtained even if the 
combination weighing device 1 is arranged in a linear 
shape. 

[0201] Then, articles X-X from the pool hoppers 15-15 
may be discharged in both the direction of the weighing 
hoppers 16-16 and the direction of the individual chutes 
17-17. In addition, booster hoppers may be arranged 
below the corresponding weighing hoppers 16-16, and 
articles X-X from the weighing hoppers 16-16 may be 
discharged both in the direction of the booster hoppers 
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first hoppers and plurality of second hoppers, 
the plurality of measuring devices measuring 
articles in the first hoppers and second hop- 
pers; 

5 calculation means that performs combination 

calculation based on measurement values of 
articles of the first hoppers provided by the 
measuring devices; 

determining means that determines whether or 
10 not a total measurement value of articles in first 

and second hoppers of one of the sets of hop- 
pers exceeds a predetermined value when the 
combination calculation performed by the cal- 
culation means is not complete; and 
15 additional supply means that supplies addition- 

al articles from the second hopper to the first 
hopper when the determining means deter- 
mines that the total measurement value does 
not exceed the predetermined value. 

20 

2. The combination weighing device set forth in claim 
1, wherein the determining means determines 
whether or not the total measurement value of arti- 
cles in first and second hoppers of another set of 
25 hoppers will exceed the predetermined value. 



and the direction of the individual chutes 1 7-1 7. This al- 
lows the number of weights participating during a com- 
bination calculation to be reliably increased, and thus 
the combinations will fall within an allowable range with 
a high probability. 

[0202] As described above, the present invention pro- 
vides a combination weighing device that is capable of 
improved operational efficiency. In other words, the 
present invention relates to a combination weighing de- 
vice that weighs articles with a plurality of weighing de- 
vices and, based upon the results of this weighing, 
measures the articles into a predetermined target 
weight, and thus is widely suitable in the technical field 
of article weighing devices. 

[0203] As used herein, the following directional terms 
"forward, rearward, above, downward, vertical, horizon- 
tal, below and transverse" as well as any other similar 
directional terms refer to those directions of a vehicle 
equipped with the present invention. Accordingly, these 
terms, as utilized to describe the present invention 
should be interpreted relative to a vehicle equipped with 
the present invention. 

SECOND EMBODIMENT 

[0204] The term "configured" as used herein to de- 
scribe a component, section or part of a device includes 
hardware and/or software that is constructed and/or pro- 
grammed to carry out the desired function. 
[0205] Moreover, terms that are expressed as 
"means-plus function" in the claims should include any 
structure that can be utilized to carry out the function of 
that part of the present invention. 
[0206] The terms of degree such as "substantially", 
"about" and "approximately" as used herein mean a rea- 
sonable amount of deviation of the modified term such 
that the end result is not significantly changed. For ex- 
ample, these terms can be construed as including a de- 
viation of at least ±5% of the modified term if this devi- 
ation would not negate the meaning of the word it mod- 
ifies. 

[0207] This application claims priority to Japanese 
Patent Applications Nos. 2002-356363 and 
2002-358920. The entire disclosure of Japanese Patent 
Applications Nos. 2002-356363 and 2002-358920 is 
hereby incorporated herein by reference. 



Claims 

1 . A combination weighing device, comprising: 

a plurality of sets of hoppers, each set having 
. a first hopper that stores articles and a second 
hopper that is disposed above the first hopper 
to supply articles to the first hopper; 
a plurality of measuring devices that are ar- 
ranged with respect to each of the plurality of 



3. The combination weighing device set forth in claim 
1 or claim 2, wherein the measurement value is a 
weight of articles in the first hopper that can be 

30 measured by the weighing device. 

4. The combination weighing device set forth in any of 
claims 1 to 3, wherein the predetermined value is a 
value based upon article density and the volume of 

35 articles that the first hopper can accommodate. 

5. The combination weighing device set forth in any of 
the preceding claims, further comprising: 

40 a plurality of feeders that respectively corre- 

spond to each of the plurality of second hop- 
pers, the plurality of feeders supplying articles 
to the corresponding second hoppers; 
supply quantity control means that controls a 
45 quantity of articles to be supplied from the feed- 

ers to the second hoppers; and 
setting means that sets a supply target value of 
articles to be supplied by the feeders to the sec- 
ond hoppers based upon the total measure- 
so ment value of articles in the first and second 
hoppers of the set of hoppers and the predeter- 
mined measurement value; 

wherein the supply target control means con- 
55 trols the quantity of articles to be supplied to the sec- 
ond hoppers of the set of hoppers based upon the 
measurement value of articles in the second hopper 
so that the quantity of articles supplied from the 
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feeders to the second hopper equals to the supply 
target value. 

6. The combination weighing device set forth in claim 

5, wherein the supply quantity control means con- 5 
trols the quantity of article to be supplied from the 
feeders to the second hopper of the set of hoppers 
based upon a deviation between the measurement 
value of articles in the second hopper of the set of 
hoppers and the predetermined supply target value. 10 

7. A combination weighing device, comprising: 

a plurality of first hoppers that store articles; 
a plurality of second hoppers that are disposed 
above the plurality of first hoppers, each sec- 
ond hopper respectively corresponding to each 
first hopper and storing articles in the corre- 
sponding first hopper; 

a plurality of feeders that respectively corre- 
spond to each of the plurality of second hop- 
pers, the plurality of feeders supplying articles 
to the corresponding second hoppers; 
supply quantity control means that control the 
quantity of articles supplied from the feeders to 25 
the second hoppers; 

a plurality of measuring devices that are ar- 
ranged with respect to each of the plurality of 
first hoppers and plurality of second hoppers, 
the plurality of measuring devices measuring 30 
articles in the first hoppers or second hoppers; 
setting means that sets a supply target value of 
articles to be supplied by the feeders to the sec- 
ond hoppers; and calculation means that per- 
forms combination calculation based on meas- 35 
urement values of articles of the first hoppers 
provided by the measuring devices; and 

wherein the supply quantity control means 
controls a quantity of article to be supplied from the *o 
feeders to the second hoppers based upon a devi- 
ation between the measurement value of articles in 
the second hoppers and the predetermined supply 
target value. 

45 

8. A combination weighing device, comprising: 

a plurality of sets of hoppers, each set having 
a first hopper that stores articles and a second 
hoppers that is disposed above the first hopper so 
to supply articles to the first hopper; 
a plurality of feeders that respectively corre- 
spond to each of the plurality of second hop- 
pers, the plurality of feeders supplying articles 
to the corresponding second hoppers; 55 
supply quantity control means that controls a 
quantity of articles to be supplied from the feed- 
ers to the second hoppers; and 



a plurality of measuring devices that are ar- 
ranged with respect to each of the plurality of 
first hoppers and plurality of second hoppers, 
the plurality of measuring devices measuring 
articles in the first hoppers and second hop- 
pers; 

calculation means that performs combination 
calculation based on measurement values of 
articles of the first hoppers provided by the 
measuring devices; 

additional supply means that supplies addition- 
al articles from the second hoppers to the first 
hoppers when the combination calculation per- 
formed by the calculation means is not com- 
plete; 

wherein the supply quantity control means 
controls the quantity of articles to be supplied from 
the feeders to the second hoppers so that the total 
measurement value of the measurement value of 
articles in the first and second hoppers of the set of 
hoppers does not exceed the predetermined value. 

9. A combination weighing device, comprising: 

a plurality of sets of hoppers, each set having 
a first hopper that stores articles and a second 
hoppers that is disposed above the first hopper 
to supply articles to the first hopper; 
a plurality of measuring devices that are ar- 
ranged with respect to each of the plurality of 
first hoppers and plurality of second hoppers, 
the plurality of measuring devices measuring 
articles in the first hoppers and second hop- 
pers; 

calculation means that performs combination 
calculation based on measurement values of 
articles of the first hoppers provided by the 
measuring devices; 

determining means that determines whether 
the combination calculation performed by the 
calculation means is complete; 
selection means that performs combination cal- 
culation based on measurement values of arti- 
cles of the first and second hoppers when the 
combination calculation performed by the cal- 
culating means was not complete; and 
additional supply means that supplies articles 
from the second hopper selected by said selec- 
tion means to the corresponding first hopper if 
the selection means selects the second hopper 
as a result of the combination calculation. 

10. A combination weighing device, comprising: 

a plurality of sets of hoppers, each set having 
a first hopper that stores articles and a second 
hoppers that is disposed above the first hopper 
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to supply articles to the first hopper; 
a plurality of measuring devices that are ar- 
ranged with respect to each of the plurality of 
first hoppers and plurality of second hoppers, 
the plurality of measuring devices measuring 5 
articles in the first hoppers and second hop- 
pers; 

calculation means that performs combination 
calculation based on measurement values of 
articles of the first hoppers provided by the 10 
measuring devices; and 
secondary calculation means that performs, 
when a combination in the combination calcu- 
lation performed by the calculating means was 
complete, combination calculation based on 15 
measurement values of articles in the second 
hoppers and the first hoppers not selected in 
the combination calculation performed by the 
calculation means. 

20 

11. The combination weighing device set forth in claim 
10, further comprising: 

a plurality of feeders that respectively corre- 
spond to each of the plurality of second hop- 25 
pers, the plurality of feeders supplying articles 
to the corresponding second hoppers; and 
supply quantity control means that controls a 
quantity of articles supplied from the feeders to 
the second hoppers; 30 

wherein when the combination calculation 
performed by the secondary calculation means is 
not complete and when there is an empty second 
hopper, the supply quantity control means controls 35 
the quantity of articles to be supplied from the feed- 
ers to the empty second hopper such that the com- 
bination calculation performed by the secondary 
combination calculation means can be completed. 

40 

12. The combination weighing device set forth in claim 
10 or claim 11 , wherein the calculating means de- 
termines whether a plurality of combinations in one 
combination calculation are complete or not, and 
selects from amongst that plurality of combinations 
a combination that completes a secondary combi- 
nation calculation performed by the secondary 
combination calculating means. 
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weigh 
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Set supply target value (WPO) 
as default supply target value 
(WPD) 



Supply articles from feeders to 
empty pool hoppers and weigh 
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(Supply suitable quantity of 
articles from feeder to empty 
pool hopper targeted in 
secondary combination and weigh 



Combination calculation 
withW-WPD 

(combination target value W) 
i 

Select optimal combination 
(combination weight value Ws) 



Calculate next supply 
target value (Wpq) 
Wpo=W-Ws 



Supply articles from feeder 
to pool hopper and weigh 



C End ) 
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Fig. 14 f-gso 
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Set supply target value (WPO) to 
default supply target value (WPP) 
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Supply articles from feeders to 
empty pool hoppers and weigh 



Supply articles from pool hoppers to 
empty weighing hoppers and weigh 
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Supply articles from feeders to 
empty pool hoppers and weigh 



Additional 

supply 

process 



Perform primary 
combination calculation 
on weighing hoppers 
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Pnmary combination- 
complete?^ 

YES 
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Perform secondary combination 
calculation on non-selected 
weighing hoppers and pool 
hoppers corresponding to the 
selected weighing hoppers 
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\ Discharge weighed articles from 
weighing hoppers selected in 
the primary combination 
calculation 
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Supply articles from pool 
\J hoppers to weighing hoppers 
that have discharged 
articles and then weigh 



Perform primary combination 
calculation on weighing hoppers 



Primary combination - 
_ complete?^ 

S31-^~-~,-— YES 



1 ■ ^ 

Perform secondary 
combination calculation on 
non-selected weighing 
hoppers and pool hoppers 
corresponding to the 
selected weighing hoppers 



Secondary 
combination calculation* 
complete?^ 

Empty pool fiopper S3 5 
amongst pool hoppers < ^NO 
.targeted in secondai 
combination 





^Y^ES 
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Supply suitable quantity of 
articles from feeder to empty 
pool hopper targeted in 
secondary combination and 
weigh 



Empty pool hopper S3 7 
^amongst pool hoppers*^ NO 
^hat supply additional 

articles? -^S38 



YES 



Supply suitable quantity of 
articles from feeders to empty 
pool hoppers targeted in supply 
additional articles and weigh 



Set supply target value (WPO) 
as default supply target value 
(WPD) 



Supply articles from feeders to 
empty pool hoppers and weigh 



X 
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Fig. 15 



( Supply articles from feeders 
V to empty pool hoppers and weigh 




Calculate next supply target 
value (Wpo) for pool hopper 
WPO = (Wl-Ww)/2 



Supply articles from feeder to 
pool hopper and weigh 

5»j ! 
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Fig. 17 



( Start ) 



Supply articles from feeders to 
empty pool hoppers and weigh 
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Supply articles from pool hoppers to 
empty weighing hoppers and weigh 
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Supply articles from feeders to 
empty pool hoppers and weigh 

4 
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Additional 

supply 

process 

S64 



Perform primary 
combination calculation 
on weighing hoppers 
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Primary combination ■ 
complete?, 

YES 
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Store plurality of combinations 
in order of accuracy . 



I 



Select most accurate primary 
combination 



Perform secondary combination 
calculation on non-selected 
weighing hoppers and pool 
hoppers corresponding to the 
selected weighing hoppers 
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S59 

■Secondary combination, 
.complete? 

^ JO 

$62 N ex t m ost accurate^ 
primary combination^ 
present?- 

S63 ^ ' 



YES 
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Discharge weighed articles 
from weighing hoppers 
selected in the primary 
combination calculation 



\ 



YES 



Select next most accurate 
primary combination 



T 



Supply articles from pool 
hoppers to weighing hoppers 
that have discharged articles 
and weigh 

seT 7 
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Fig. 18(b) 



Fig. 18(c) ' 
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Fig. 19 



( Start ) 



Set supply target value (WPO) to 
default supply target value (WPP) 



Supply articles from feeders to 
empty pool hoppers and weigh 



Supply articles from pool hoppers to 
empty weighing hoppers and weigh 



Supply articles from feeders to 
empty pool hoppers and weigh 



Additional 

supply 

process 



Perform primary 
combination calculation 
on weighing hoppers 



NO 
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Primary combination - 
complete?^. 

YES 
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\ Perform secondary combination 
calculation on non-selected 
weighing hoppers and pool 
hoppers corresponding to the 
selected weighing hoppers 
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Discharge weighed articles from 
weighing hoppers selected in 
the primary combination 
calculation 



S80 



S7g Supply articles from pool 
\ hoppers to weighing hoppers 
that have discharged 
articles and then weigh 



Perform primary combination 
calculation on weighing hoppers 



NO^ Primary combination- 
complete?_^-^ 
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S83 



Perform secondary combination 
calculation on noir-selected 
weighing hoppers and pool 
hoppers corresponding to the 
selected weighing hoppers 



Secondary 
combination calculation" 
complete?. 



Empty pool hopper S85 
amongst pool hoppers*^ NO 
pargeted in secondai 
combination*? 

^S86 





Supply suitable quantity of 
articles from feeder to empty 
pool hopper targeted in 
secondary combination and 
weigh 
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Set supply target value (WPO) 
as default supply target value 
(WPD) 



Supply articles from feeders to 
empty pool hoppers and weigh 
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Fig. 20 



C Additional supply process) 



Select pool hopper that will 
complete primary combination 
by means of additional supply 



Supply articles from selected 
pool hopper to weighing 
hopper and weigh 



( End ) 
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